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00 (54) Title: SUCCINIMIDE AND MALEDVIIDE DERIVATIVES AND THEIR USE AS TOPOISOMERASE H CATALYTIC IN- 
HIBITORS 

2 (57) Abstract: Maleimide and succinimide derivatives were found to be effective topoisomerase 11 catalytic inhibitors. Due to this 
property, the maleimide and succinimide derivatives were investigated for their use as cytostatic agents and thus in the treatment of 
Q cancer. The compounds of the invention can be used in combination treatments with other cytostatic agents, such as topoisomerase 
2^ n poisons. The maleimide and succinimide derivatives, due to their effective topoisomerase 11 catalytic inhibitory activity, are also 
useful as extravasation agents, such as upon administration of a topoisomerase H poison. 





1 



SUCCINIMIDE AND MALEIMIDE DERIVATIVES AND THEIR USE AS 



TOPOISOMERASE II CATALYTIC INHIBITORS 



FIELD OF INVENTION 
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The present invention relates to maleimide and succinimide derivatives, including 
succinimlde dinners finked by a tether, which act as topoisonnerase II cataiytic inhibitors. In 
particular, the present Invention relates to the use of these cpmpounds In the optimisation 
of anti-cancer treatment using currently used cytostatic agents which act as topolsomerase 
10 II poisons. The aims are to provide novel cytostatic agents for cancer treatment, to 
broaden the therapeutical index of classical anti-cancer agents, such as anthracyclines and 
epipodophyllotoxines, to reduce side effects caused by classical anti-cancer agents, such 
as extravasation. 

15 GENERAL BACKGROUND OF THE INVENTION 

The topolsomerase II enzymes belong to a family of nuclear enzymes Involved in the 
processing of DNA during the cell cycle. The essential nudear enzyme topolsomerase II 
allows the separation of Intertwined DNA strands by creating a transient double strand 
20 break in the DNA backbone thereby allowing the passage of another Intact DIMA double 
strand through the cleavage. 

Topolsomerase II is the target of some of the most successful anti tumour agents used 
today, e.g. the epipodophyliotoxins etoposide (VP-16) and tenlposide (VM-26) in the 
25 treatment of testicular and small cell lung cancer (1) and the anthracyclines. 

The anthracyclines comprise a group of widely used cytotoxic compounds with activity in 
numerous malignant diseases. Daunorubicfn and doxorubicin, the first anthracycllne 
antibiotics to be discovered in the early 1960's, have a wide range of activity against 
30 malignant diseases - daunorubicin primarily in the field of haematological malignancies 
and doxorubicin against solid tumours. Epirubicin is a stereoisomer of doxorubicin with the 
same indications but slightly lesser potency and less cardiac toxicity than the parent drug. 
Idarublcin resembles daunorubicin. It is more lipophilic than the other anthracycllne 
compounds and penetrates the blood-brain barrier more readily. 



Drugs acting on topolsomerase II are divided into two main categories; topolsomerase II 
poisons and topolsomerase II cataiytic Inhibitors. 
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The topolsomerase II poisons shift the equilibrium of the catalytic cycle towards the 
cleavage of the DNA strands, thereby increasing the concentration of the transient protein- 
associated breaks in the genome (2). That is to say, they trap the cleavable complexes, 
which converts the essential topolsomerase II enzyme Into a lethal one (3), Topolsomerase 
5 II poisons stabilise the cleavable complex by halting religatlon of the DNA in turn leading 
to the accumulation of the lethal double strand DNA breal<s in the cell genome. There is 
solid evidence that etoposide, as well as a number of other clinically successful anti tumour 
agents such as daunorubfcin and doxorubicin (4), are topoisomerase II poisons (5, 6). 
Although the predse cell killing mechanism Is unknown, an obligatory step for the 
10 cytotoxicity of topoisomerase II poisons is related to an increase in cleavable complexes 
formation between DNA and topoisomerase II in treated cells (5). 

The topoisomerase II catalytic inhibitors act through an entirely different mechanism, 
Rather than stimulating the cleavable complex, these drugs act by Inhibiting the overall 

15 catalytic activity, of the topolsomerase II enzyme. Cataiytic infiibitors act at different 
stages In the cataiytic cycle than poisons do, acting on the topolsomerase II / DNA 
complex at stages in the catalytic cycle where DNA is not cleaved. This happens In at least 
two ways. (I) by inhibiting the binding of topolsomerase II to DNA, thereby suppressing • 
the interaction between the enzyme, the topolsomerase 11 targeting drug and the DNA. 

20 This is believed to be the case for chloroquine (7) and aclarublcin (8,9); (II) by locking 
topoisomerase II in Its closed-clamp step after religatlon, which is the mode of action of ^ 
the bisdioxopiperazines including ICRF-187 (10-14). By locking the enzyme in its closed - 
clamp formation, the bisdioxopiperazines hinder topolsomerase II poisons from exerting 
their cytotoxicity. The catalytic inhibitor of topolsomerase II, ICRF-187, abolishes both 

25 DNA breaks and cytotoxicity caused by the topolsomerase II poisons etoposide and 
daunorublcln (15). 

The term "extravasation" is intended to relate to the escape of a chemotherapeutic drug 
from a vessel to the surrounding tissue, which may occur either by leakage of direct 
30 infiltration. 

In cancer treatment, accidental extravasation Is a feared complication, especially from 
drugs such as the anthracydlnes, mitomycin, vincristine, and vinooreiblne, which are 
examples of vesslcant drugs. Vesslcant drugs cause tissue destruction upon infiltration. 
35 Extravasation is the unintended presence of a vesslcant outside the vascular bed or 
vasculature. 

The term "anti-extravasation agent" is Intended to mean a compound which blocks or 
attenuates the local tissue toxicity caused by a vesslcant. 
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Accidental extravasation has been estimated to occur in up to 6% of all patients receiving 
chemotherapy. Chemotherapeutlc agents, such as the anthracyclines, are especially prone 
to cause severe tissue damage on extravasation. The tissue injury may not appear for 
5 several days or even weeks but when it appears it may continue to worsen for months, 
probably due to drug recycling into adjacent tissue. The local toxicity is characterised by 
acute pain, erythema, and swelling at the extravasation site and it often progresses to 
ulceration. 

10 The present investigators have demonstrated, in animal studies, as well as on patients, 
that treatment with ICRF-187 protected against anthracydine extravasation Injuries (19- 
21). 

The bisdioxoplperazlne ICRF-187 (dexrazoxane) is the water-soluble (+)-enantiomer of 
15 razoxane (ICRF-159). ICRF-187 is approved as a cardioprotective agent (Zinecard®, 
Cardioxane<§>) against anthracydine induced cardlotoxicity. 

A hypothesis has been that ICRF-187, as an analogue of the cation binder EDTA, protects 
against free radical damage by binding to Fe** and thus concealing Iron from oxygen (16). 

20 However, the present investigators have recently demonstrated that cells with acquired 
resistance to ICRF-187 carr/ mutations In topoisomerase Ila (an Isoform of topoisomerase 
II) which maps to different regions in topoisomerase II than those induced by 
topoisomerase II poisons such as daunorubicin and etoposide. The use of conditional 
expression of human topoisomerase II in yeast as well as characterization of purified 

25 topoisomerase II containing these mutations have confirmed that these mutations are 
functional (17,18). On this basis, it was concluded by the present investigators that ICRF- 
187 is a specific topoisomerase II agent. 

Two models illustrate the use of catalytic inhibitors In pharmacologic regulation of 
30 topoisomerase II poisons (22). (I) A targeted high-dose treatment with etoposide based on 
physiological differences between normal (non-mallgnant) tissue and solid tumours may be 
achieved using the basic catalytic inhibitor chloroquine. At normal pH (in normal tissue), 
the chloroquine will (In Its uncharged form) cross blomembranes thereby protecting the 
tissue from the poisonous attack. In cancer cells with weak acidic extracellular micro 
35 environment, the partly Ionised catalytic inhibitor Is no longer able to pass blomembranes, 
thus leaving the cancer cells exposed to the cytotoxic effect of the poison. 



(II) Using ICRF-187, compartment directed high dose treatment with etoposide was 
obtained In the central nervous system (CNS) In a mouse model. In this case the 
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protection of the peripheral tissue by the catalytic Inhibitor Is based on differences in 
lipophiliclty between ICRF-187 and the topoisonnerase II poison etoposlde Studies 
concerning patients suffering from primary cancer outside the CNS show that about 25% 
of the patients develop brain metastasis. The risl< of developing metastasis is dependent 
5 on the specific cancer form. The metastatic complications may be the patient's first 
symptom of cancer and may then produce serious neurological complications. Due to poor 
accessibility of the currently clinically used topoisomerase II poisons into the brain, the 
need for development of new catalytic inhibitors allowing dose escalation and thereby 
enhanced CNS effect Is urgent. 

10 

The use of the catalytic Inhibitor ICRF-187 in accidental extravasation caused by 
anthracycllnes Is yet another example of reducing the side effects of topoisomerase II 
poisons hereby optimising the overall treatment of the patients. It is one object of the 
present invention to provide more compounds suitable for reducing side effects caused by 
15 chemotherapeutic agents and thereby optimising the overall treatment of cancer patients. 

The use of super lethal doses of topoisomerase II poisons In combination with catalytic 
topoisomerase II Inhibitors . have proven an interesting strategy in the anticancer 
treatment. Selectivity can thus be obtained indirectly , by the development of catalytic 
20 inhibitors capable of protecting specific targets thereby exerting the protective effect. Due 
to the non-optimal profile of the known catalytic inhibitors (toxicity, PK-properties etc) 
highly specific protection / cytotoxicity restriction is not obtained at present. Therefore 
there Is an urgent need for the development of new catalytic Inhibitors for use in the 
pharmalogical regulation of topoisomerase II poisons In anti cancer treatment. 

25 

Thus, the use of novel catalytic inhibitors of topoisomerase II included in the present 
Invention will improve the anti-cancer treatment obtained with the classical topoisomerase 
II poisons resulting In a broader therapeutic index for these drugs by reducing the side 
effects (toxicity) or by enhancing the effect of the poison obtained by dose escalation. 

30 There is also a urgent need for new compounds which are effective cytostatic or cytotoxic 
agents, themselves, in the treatment of cancer. A further aspect of the present invention is 
to provide for this need by providing compounds which are effective catalytic Inhibitors of 
topoisomerase II and therefore effective chemotherapeutic agents in themselves. In this 
context novel compounds have been developed in order to obtain more effective catalytic 

35 inhibitors of topoisomerase II. 

In testing the hypothesis that thiol-modification of DNA-bound topoisomerase II by 
quinones was Involved in the stimulation of topoisomerase Il-mediated DNA cleavage, 
Wang et al (28) tested a number of alkylating agents Including quinones, N-ethylmaleimide 



(IMEM), Disulfiram, and 2,2'-dithlobis-(5-nltropyrldine) derivatives for their ability to 
stimulate topoisomerase Il-medlated DNA cleavage. The results led Wang et al to 
postulate that these compounds act as topoisomerase II poisons by means of a Michael- 
addition to the enzyme. The present Inventors have likewise examined the potential use of 
5 the thiol-reactlve compounds maleimide and Its N-substituted derivatives n-methyl- 
maleimide (NMM) and N-ethyl-maleimide (NEM) as topoisomerase II catalytic inhibitors. 
They have found that maleimide, NMM and NEM are potent catalytic Inhibitors of purified 
human topoisomerase II a. Maleimide and NEM are also able to antagonize etoposide 
induced topoisomerase II mediated DNA double strand cleavage In the test tube. 

10 Maleimide is further capable of protecting intact cells from etoposide induced DNA damage 
as well as from etoposide Induced cytotoxicity. Finally, at-MDR cell lines with reduced 
nuclear topoisomerase II content are fully sensitive to maleimide, indicating that It is not a 
topoisomerase II poison in vivo. These findings provide strong evidence that these 
compounds acts as topoisomerase II catalytic inhibitors and not as topoisomerase II 

15 poisons as reported In (28) The present Inventers suggest that the observed antagonism in 
vitro and in vivo Is caused by covalent modification of topoisomerase II cysteine residues 
reducing the amount of catalytically active enzyme sensitive to the action of topoisomerase 
II poisons, opening up for their use as novel topoisomerase II catalytic Inhibitors, The 
inventors have further developed a new maleimide analogue TT0043 capable of 

20 antagonizing the cytotoxic effect of topoisomerase II poisons using cultured human cancer 
cells. The use of such novel thiol-reactive maleimide derivatives as catalytic inhibitors of 
topoisomerase II thus constitutes an important aspect of the present invention. 
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SUMMARY OF THE INVENTION 

In a first aspect, the Invention relates to the use of a compound of formula I, quaternary 
ammonium salts thereof, or compositions comprising either entity, for the preparation of a 
human topoisomerase II catalytic Inhibitor, 

N- 



I 

wherein -J- Is selected from the group consisting of 

""CCH)-(A-Y)„-Z- "^C-(A-Y)„-Z 
I and 
.C(H)-(A'-Y')„-Z' .C-(A'-y)„-Z' 
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-O^ is a carbonyl equivalent such as selected from the group consisting of =0, =S; -OR^, - 
SR^ dithiane and dioxolane; 

is selected from the group consisting of -O^ OR^, NCR^XR"), S-R^ NO2, -CN, and 
halogen; 

5 R" is selected from the group consisting of hydrogen, optionally substituted Q-e-alkyl, 
optionally substituted C2.io-all<enyI, optionally substituted C2-io-all<ynyl, optionally 
substituted aryl, optionally substituted heteroaryl, optionally substituted heterocyde, 
optionally substituted Ca-Cy-cydoalkyI, CH2-N(R^)(R3), CH2-OR^ CH2-SR^ CH2-0-C(=0)r3, 
CH2-0-C(=0)-0R^ CH2-0-C(=S)R^ CH2-S-C(=0)R^ C(=0)(R^), C(=S)R^ -C(=S)-OR^ - 
10 C(=0)-SR^ C(=0)-N(R^)(R^), C{C=S)-N(R^)(R^); 

-A- and -A'- is selected from the group consisting of hydrogen, -C(R^)(R^)-, -C(=0)-, - 
NCR*^)-, -0-, -S-, -P-, -P(0)-; 

Y and Y are each a biradlcal which may be absent or Independently selected from one of 
the group consisting of optionally substituted Ci.6-alkyl, optionally substituted C(=0)-Ci.6- 
15 alkyi, optionally substituted Ci.6-alkyl-C(=:0), optionally substituted C2-io-alkenyl, 
optionally substituted Cz-io-alkynyl, optionally substituted Ca-s-carbocyde and optionally 
substituted heterocyde; 

Z and Z' are each a monoradical Independently selected from the group consisting of 
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 03*3- 
20 carbocyle, optionally substituted heterocyde, H, OR^ N(R^)(R^), S-R^, NO2, -CN, and 
halogen; 

wherein R^ is selected from the group consisting of hydrogen, optionally substituted C1-4 
alkyI, optionally substituted C2-5 alkenyl, optionally substituted C2.6 alkynyl, optionally 
substituted aryl, optionally substituted heteroaryl, optionally substituted heterocyde, and 

25 optionally substituted C3-C7 cycloalkyi; 

n Is a whole number and m is a whole number, and wherein 

R^ and R^ are independently selected from the group consisting of hydrogen, halogen, 
hydroxy, optionally substituted Ci-e-alkyI, optionally substituted C2-5 alkenyl, optionally 
substituted C2.6 alkynyl, optionally substituted aryl, optionally substituted heteroaryl, 
30 optionally substituted heterocyde, and optionally substituted C3-C7 cycloalkyi. 

Accordingly, the present invention relates to a method of treating diseases and disorders 
for which inhibition or modulation of the topolsomerase II enzyme produces a 
physiologically benefidal response in said disease or disorder comprising the step of 
35 administering an effective amount of a compound of formula I, as described supra. 

Compounds of the formula I, as topolsomerase inhibitors may be effective, in themselves, 
in the treatment of an array of forms of cancers. A method of treating cancer using 
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compounds of formula I Is a further aspect of the present Invention as is the use of 
compound of formula I for preparation of a medicament for the treatment of cancer. 

Furthermore, compounds of the formula I, as topolsomerase inhibitors, may serve to 
5 broaden the therapeutic Index of other chemotherapeutic agents. Compounds of the 
present invention may serve to reduce side effects associated with other chemotherapeutic 
agents or by enhancing the effect of the chemotherapeutic agents. Thus, a further aspect 
of the present Invention relates to the use of compounds of formula I in combination with 
at least one other chemotherapeutic agent for the effective treatment of cancer. 



Compounds of formula I are topoisomerase II catalytic inhibitors and, as such, may be 
used as pharmacological regulators of topoisomerase II which are exploited in a number of 
applications according to the present Invention including the following: 

1. To achieve dose escalation of classical topoisomerase II poisons such as etoposlde (VP- 
15 16) as a mean of targeting the anti-tumour effect of such compounds to the central 

nervous system (CNS); 

2. To target the cytotoxicity of i<nown topoisomerase II poisons to acid microenvironments 
such as solid tumours; 

3. To reduce the tissue destructive effect of known anticancer agents including 
20 topoisomerase II poisons in accidental extravasation occurring in the course of cancer 

treatment in general; 

4. To act as anti-tumour agents in themselves my means of inhibiting essential 
topoisomerase II catalytic activity. 

25 Thus, the compounds of formula I may be used in a method of preventing or treating 
tissue damage due to extravasation in an individual. The use of compounds of formula I as 
anti-extravasation agents Is an Important aspect of the present invention. 

A further aspect of the present Invention relates to compounds of formula 11 for use as 
30 medicament. 
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wherein Y is a biradical independently selected from of the group consisting of Cl-6-alkyl, 
C(=0)-Ci.6-alkyl, Ci-6-alkyl-C(=0), C2.io-all<enyl, C2.io-a!kynyl, Cs-s-carbocyde, heterocycle, 
each of which nnay be optionally substituted; X is selected from the group consisting of 
N(R^), O, and S; r'^ Is selected from the group consisting of hydrogen, optionally 
5 substituted Q-s alkyi, optionally substituted C2.io-alkenyl, optionally substituted C2.10 
alkynyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 
heterocycle, optionally substituted Ca-Cy-cydoalkyI, CH2-IM(R^)(R^), CH2-OR^ CH2~SR^ CH2- 
0-C(=0)r3, CH2-0-C(=S)R^ CH2-S-C(=0)rS C(=0)(R^), C(=S)R^ -C(=S)"OR^ -C(=0)- 
SR^ C(=0)-N(R^)(R^), C(C=S)-N(R^)(R^); R and R^ are independently selected from the 
10 group consisting of hydrogen, optionally substituted C1.5 alkyI, optionally substituted C2-5 
alkenyl, optionally substituted C2.6 alkynyl, optionally substituted aryl, optionally 
substituted heteroaryl, optionally substituted heterocycle, and optionally substituted C3-C7 
cycloalkyl. 

15 Furthermore, given a subclass of compounds are novel In themselves, a further aspect of 
the Invention relates to compounds of formula III 

E 



wherein R*^ is selected from the group consisting of hydrogen, CH2-N{R'*)(R'*), CH2-OR**, and 
CH2-0-C{=0)R'*; A and A' are Independently selected from the group consisting of 

20 N(R^)(R^) and O; n and m are Independently selected whole numbers in the range of 0 to 
8, Z and Z' are selected from the group consisting of hydrogen and N(R^)(R'*) wherein R^ is 
an optionally substituted heterocycle; -O^ is a carbonyl equivalent such as selected from 
the group consisting of =0, =S; -0R^ -SR^ dithlane, dioxoiane and dioxane, R^ Is selected 
from the group consisting of -O^ OR^ N(R^)(R^), S•R^ NO2, -CN, and halogen; R^ and R^ 

25 are Independently selected from the group consisting of hydrogen, halogen, optionally 
substituted Ci-4-a)kyl, optionally substituted Cj.s-alkenyl, optionally substituted Ca^- 
alkynyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 
heterocycle, and optionally substituted Ca-Cy-cycloalkyI; R^, R"* and R^ are independently 
selected from the group consisting of hydrogen, optionally substituted Ci^ alkyI, optionally 

30 substituted C2.5 alkenyl, optionally substituted C2.6 alkynyl, optionally substituted aryl, 
optionally substituted heteroaryl, optionally substituted heterocycle, and optionally 
substituted C3-C7 cycloalkyl. 



N 

R-N 




.A— (CrV)-z 
A' (CrV)-Z' 




GENERAL DESCIUPTION OF THE INVENTION 

As stated, the present invention relates to the use of a compound of formula I, quaternary 
5 ammonium salts thereof, or compositions comprising either entity, for the preparation of a 
human topoisomerase II catalytic inhibitor, 

N— r 
I 

wherein -J- is selected from the group consisting of 

""C(H)-(A-Y)„-Z ^C-(A-Y)„-Z 

I and II 

^C(H)-(A'-YVZ' ^C-(A'-Y)„-Z' 

-O^ is a carbonyl equivalent such as selected from the group consisting of =0, =S; -OR^ - 
10 SR^ dithlane and dioxolane; 

R^ is selected from the group consisting of -O^ OR^, NCR'^XR'^), S-R^ NO2/ -CN, and 
halogen; 

R" is selected from the group consisting of hydrogen, optionally substituted Ci^-ali<yl, 
optionally substituted C2.io-alkenyl, optionally substituted Cz-io-ali^ynyl, optionally 
15 substituted aryl, optionally substituted heteroaryl, optionally substituted heterocycle, 
optionally substituted C3-C7-cydoalkyl, CH2-N(R^)(R^), CHz-OR^, CH2-SR^ CH2-0-C(=0)R^ 
CH2-0-C(=0)-0R^ CH2-0-C(=S)R^ CH2-S-C(=0)R^ C{=0)(R^), C(=S)R^ -C(=S)-OR^ - 
C(=0)-SR^ C(=0)-N(R^)(r3), C{C=S)-N(R^)(R^); 

-A- and -A*- is selected from the group consisting of hydrogen, -C{R^)(R^)-, -C(=0)-, - 

20 N(R")-, -0-, -S-, -P-, -P{0)-; 

Y and V are each a biradlcal which may be absent or independently selected from one of 
the group consisting of optionally substituted Ci-e-alkyl, optionally substituted C(=0)-Ci.6- 
all<yl, optionally substituted Ci.6-alkyl-C(=0), optionally substituted C2-io-alkenyl, 
optionally substituted C2.io-alkynyl, optionally substituted Ca-s-carbocycie and optionally 

25 substituted heterocycle; 

Z and Z' are each a monoradical independently selected from the group consisting of 
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted C3-8- 
carbocyle, optionally substituted heterocycle, H, OR^, N(R^)(R^), S-R^ NO2/ -CN, and 
halogen; 

30 wherein R^ is selected from the group consisting of hydrogen, optionally substituted C1.4 
alkyi, optionally substituted €2-5 alkenyl, optionally substituted C2-6 alkynyl, optionally 
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substituted aryl, optionally substituted heteroaryJ, optionally substituted heterocyde, and 

optionally substituted C3-C7 cycloalkyl; 

n rs a whole number and m Is a whole number, and wherein 

and are Independently selected from the group consisting of hydrogen, halogen, 
5 hydroxy, optionally substituted Ci-g-alkyl, optionally substituted Ca-salkenyl, optionally 
substituted C2-6all<ynyl, optionally substituted aryl, optionally substituted heteroaryl, 
optionally substituted heterocycle, and optionally substituted C3-C7 cycloalkyl. 

In the present context the term "d-e-alkyl" is Intended to mean a linear or branched 
10 saturated hydrocarbon chain wherein the longest chains has from one to six carbon atoms, 
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, 
Isopentyl, neopentyl and hexyl. A branched hydrocarbon chain is intended to mean a Ci-s- 
alkyl substituted at any carbon with a hydrocarbon chain. 

15 In the present context the term "C2-io-alkenyl" Is intended to mean a linear or branched 
hydrocarbon group having from two to eight carbon atoms and containing one or more 
double bonds. Examples of C2.8"all<enyl groups include allyl, homo-allyl, vinyl, crotyl, 
butenyl, pentenyl, hexenyl, heptenyl and octenyl. Examples of C2-io-alkenyl groups with 
more than one double bond Include butadlenyl, pentadlenyl, hexadlenyl, heptadlenyl, 

20 hexatrienyl, heptatrienyl and octatrienyl groups as well as branched forms of these. The 
position of the unsaturatlon (the double bond) may be at any position along the carbon 
chain and the term is intended to include alkylidene groups. 

In the present context the term "C2.io''alkynyr Is Intended to mean linear or branched 
25 hydrocarbon groups containing from two to ten carbon atoms and containing one or more 
triple bonds. Examples of C2-io-alkynyl groups include acetylene, propynyl, butynyl, 
pentynyl, hexynyl, heptynyl and octynyl groups as well as branched forms of these. The 
position of unsaturatlon (the triple bond) may be at any position along the carbon chain 
the term is Intended to Include alkylidyne groups. More than one bond may be unsaturated 
30 such that the "C2-io-alkynyr Is a dl-ynes or enedl-ynes as it Is known to the person skilled 
in the art. 

In the present context the term "Cs-s-cycloalkyI" Is Intended to cover three-, four-, five-, 
six- seven-, and eight-membered rings comprising carbon atoms only whereas the term 
35 "heterocyclyl" is Intended to mean three-, four-, five-, six- seven-, and eight-membered 
rings wherein carbon atoms together with from 1 to 3 heteroatoms constitute said ring. 
The heteroatoms are Independently selected from oxygen, sulphur, and nitrogen. 
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Ca^-cycloalkyl and heterocydyl rings may optionally contain one or more unsaturated 
bonds situated, however, In such a way that an aromatic ir-electron system does not arise. 

Examples of preferred "Ca-a-cycloalkyr' are the carbocycles cyclopropane, cyclobutane, 
5 cyclopentane, cyclopentene, cyclopentadlene, cyclohexane, cyclohexene, 1,3- 

cydohexadlene, 1,4-cyclohexadlene, cycloheptane, cycloheptene, 1,2-cycloheptadlene, 
1,3-cydoheptadiene, 1,4-cydoheptadlene and 1,3,5 cycloheptatriene. 

Examples of "heterocydes" are the heterocycles 2H-thlpyran, 3/y-thipyran, 4W-thlpyran, 
10 tetrahydrothlopyran, 2H-pyran, 4H-pyran, tetrahyd ropy ran, piperldine, 1,2-dithiin, 1,2- 
dithiane, 1,3-dithiln, 1,3-dithlane, 1,4-dithiln, 1,4-dithiane, 1,2-dloxin, 1,2-dloxane, 1,3- 
dioxin, 1,3-dioxane, 1,4-dioxln, 1,4-dloxane, piperazine, 1,2-oxathiln, 1,2-oxathiane, 4H- 
1,3-oxathlin, 1,3-oxathlane, 1,4-oxathiln, 1,4-oxathlane, 2H-l,2-thlazine, tetrahydro-1,2- 
thlazlne, 2W-l,3-thlazlne, 4«-l,3-thiazlne, 5,6-dlhydro-4/y-thlazine, 4W-l,4-thiazlne, 
15 tetrahydro-l,4-thlazine, 2A/-l,2-oxa2ine, 4/7-1,2-oxazlne, 6/y-l,2-oxa2lne, 2m,3-oxazlne, 
4H-l,3-oxazine, 4f/-l,4-oxazine, maleimide, succinimide, imidazole, pyrazole, pyrrole, 
. oxazole, furazan, barbituric acid, thiobarbituric acid, dioxopiperazine, isoxazole, hydantoin, 
dihydrouradi, morpholine, trioxane, 4A/-l,2,3-trithlin, 1,2,3-trithlane, 1,3,5-trlthiane, 
hexahydro-l,3,5-triazme, tetrahydrothlophene, tetrahydrofuran, pyrrollne, pyrrolidine, 
20 pyrrolidone, pyrrolldlone, pyrazollne, pyrazolldine, imidazoline, imidazolidine, 1,2-dloxole, 

1.2- dloxolane, 1,3-dloxole, 1,3-dloxolane, 3H-l,2-dlthlole, 1,2-dlthlolane, 1,3-dlthlole, 

1.3- dithiolane, isoxazoline, isoxazolidine, oxazoline, oxazolidine, thiazoline, thiozolidine, 
3/y-l,2-oxathlole, 1,2-oxathlolane, 5//-l,2-oxathiole, 1,3-oxathlole, 1,3-oxathiolane, 1,2,3- 
trithlole, 1,2,3-trithlolane, 1,2,4-trlthiolane, 1,2,3-trloxole, 1,2,3-trioxolane. 1,2,4- 

25 trioxolane, 1,2,3-trlazollne and 1,2,3-trlazoIldine. 

In the present context the term '"aryl" is Intended to mean a carbocydic aromatic ring or 
ring system. Moreover, the term ""aryl" Includes fused ring systems wherein at least two 
aryl rings, or at least one aryl and at least one Ca-a-cycloalkyI, or at least one aryl and at 
30 least one heterocydyl, share at least one carbon atom, such as in a spiro sytem or at least 
chemical bond, such as In a fused system. Examples of "aryl" rings Include optionally 
substituted phenyl, naphthalenyl, phenanthrenyl, anthracenyl, acenaphthylenyl, tetralinyl, 
fluorenyl, indenyl, Indolyl, coumaranyl, coumarinyl, chromanyl, Isochromanyl, and 
azulenyl. A preferred aryl group Is phenyl. 

35 

In the present context, the term "heteroaryl" is Intended to mean an aryl group where one 
or more carbon atoms in an aromatic ring have been replaced with one or more 
heteroatoms selected from the group comprising nitrogen, sulphur, phosphorous and 
oxygen. Furthermore, In the present context, the term "heteroaryl" comprises fused ring 
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systems wherein at least one aryl ring and at least one heteroaryl ring, at least two 
heteroaryls, at least one heteroaryl and at least one heterocydyl, or at least one 
heteroaryl and at least one Ca^s-cycloalkyl share at least one chemical bond, such as two 
chemical bonds. Examples of a heteroaryl may be selected from the group comprising 
5 furanyl, thiophenyl, pyrrolyl, phenoxazonyl, oxazolyl, thiazolyl, isothiazolyl, fmldazoiyi, 
pyrazolyl, isoxazolyl, imidazolyl isothiazolyl, oxadiazolyl, furazanyl, triazolyl, thiadiazolyl, 
piperidinyl, pyridinyl, pyridazlnyl, pyrlmldlnyl, pyrazinyl, pyrazolyl and trlazlnyl, Isoindolyl, 
fndollnyl, benzofuranyl, benzothiophenyl, benzopyrazolyl^lndazolyl, benzlmldazolyl, 
benzthiazolyl, purinyl, quinolizlnyl, quinolinyl, isoquinolinyl, cinnollnyl, phthalazinyl, 
10 quinazollnyl, quinoxalinyl, naphthyridinyl, pterldlnylthlenofuranyl, carbazolyl, acridinyl, 
phenazlnyt, phenothiazinyl, phenoxazinyl and thianthrenyl. 

When used herein the term "Ci^-alkoxy" Is Intended to mean Q-e-alkyl-oxy such as 
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, 
15 pentoxy, Isopentoxy, neopentoxy and hexoxy 

The term ""halogen" includes fluorine, chlorine, bromine and iodine. 

In the present context. I.e. In connection with the terms "aryl", '"heteroaryl", "C3.8- 
20 cycloalkyi", "heterocydyl", "Ci,6-alkyl", "Ci.6-alkoxy", "Cz-s-alkenyl", and "Cz-e-alkynyl", the 
term "optionally substituted" is intended to mean that the group in question may be 
substituted one or several times, such as 1 to 5 times, preferably 1 to 3 times, most 
preferably 1 to 2 times, with one or more groups selected from Q-e-alkyl, Ci-e-alkoxyl, 0x0 
(which may be represented in the tautomeric enol form), carboxyl, amino, hydroxy! (which 
25 when present in an enol system may be represented in the tautomeric keto form), nitro, 
sulphono, sulphanyl, sulfoxide, Ci.s-carboxyl, Ci^e-alkoxycarbonyl, Ci-e-alkylcarbonyl, 
formyl, aryl, aryloxy, aryloxycarbonyl, arylcarbonyi, heteroaryl, amino, mono- and dl(Ci.6- 
alkyl)amino; carbamoyl, mono- apd di(Ci-6-alkyl)aminocarbonyl, amlno-Ci-s-alkyl- 
aminocarbonyl, mono- and di(Ci^-alkyl)amino-Ci-6-alkyl-amlnocarbonyl, Ci^- 
30 alkylcarbonylamino, cyano, guanldino, carbamido, Ci^g-alkanoyloxy, Ci-e-alkylsulphonyloxy, 
dihalogen-Ci-e-alkyl, trihalogen-Ci.g-alkyI, halogen, where aryl and heteroar/1 representing 
substituents may be substituted 1-3 times with Ci.6-alkyl, Ci-e-alkoxy, sulfoxide, nitro, 
cyano, hydroxy, amino or halogen. In general, the above substituents may be susceptible 
to further optional substitution. 

35 

The term "salts" is intended to mean pharmaceutlcally acceptable acid addition salts 
obtainable by treating the base form of a functional group, such as an amine, with 
appropriate acids such as Inorganic acids, for example hydrohalic acids; typically 
hydrochloric, hydrobromic, hydrofluoric, or hydroiodic add; sulfuric add; nitric add; 
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phosphoric acid and the like; or organic acids, for exannple acetic, propionic, hydroacetic, 
2-hydroxypropanolc acid, 2-oxopropanoic acid, ethandlolc, propanediolc, butanedloic, (Z)- 
2-butenedlolc, (E)-butenedlolc, 2-hydroxybutanedioic, 2,3-dihydroxybutanediolc, 2- 
hydroxy-l,2,3-propanetricarboxy[lc, methanesulfonic, ethanesulfonic, 2- 
5 hydroxyethanesulfonic acid, benzenesulfonic, 4-methylbenzenesuIfonic acid, 

cyclohexanesulfamic, 2-hydoxybenzolc, fumaric acid, 4-annino-2-hydroxybenzolc, and 
other adds known to the skilled practitioner. 

The term "carbonyl equivalent** Is Intended to mean derivatives of the carbonyl functional 
10 group as known to the person skilled In the art and are Intended to Include alkylated 
tautonners thereof, protected forms of the functional group and reduced-protected forms of 
the functional group. 

The present compounds of formula I were surprisingly found to be catalytic Inhibitors of 
15 topolsomerase II. Compounds of formula I have never been associated with topoisomerase 
II, nor for cancer treatment. Compounds of formula I can be loosely described as 
succinlmide derivatives (compounds of formula D), whereas compounds of formula ivi are 
malelmlde derivatives, both differing notably from the bisdioxoplperazlne ICRF-187 
(dexrazoxane), which Is a highly specific topoisomerase II catalytic inhibitor. Compounds 
20 of formula I may be selected from the group consisting of compounds of formula M and D 



wherein at least one of and are independently selected from a group consisting of 
hydrogen, halogen, hydroxy, primary, secondary or tertiary amine, optionally substituted 
Cj-6-alkyl, optionally substituted C2-5-aIkenyl, optionally substituted C2-6-alkynyl, optionally 
substituted aryl, optionally substituted heteroaryi, optionally substituted heterocyde, and 
25 optionally substituted C3-C7 cydoalkyi; and the other of R^ and R^ is A-Y-Z, as defined 
supra. 

The present investigators have surprisingly found that the compounds of formula M, such 
as malelmlde, NNM and NEM, function as topoisomerase catalytic inhibitors In vitro as well 
30 as In intact cells. Contrary to the Wang et al's teaching that NEM increases the level of 
DNA cleavage with purified topoisomerase II in vitro, the present investigators have found 
that NEM as well as maleimide does not stimulate DNA cleavage in vitro. On the contrary. 
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the present inventors find that maleimide and NEM are both capable of antagonising VP-16 
induced topoisomerase II mediated plasmid DNA cleavage in vitro. Additionally, the 
present inventors have found that the connpounds of formula M only induce modest levels 
of DNA damage in NYH cells, at concentrations up to 250 uM while expensive DNA damage 
5 is provided by 3 uM etoposide. Also, in alkaline elution assays, the compound of formula 
M, maleimide, was found to antagonize DNA damage Induced by etoposide, daunorublcin 
or doxorubicin. Thus, the present inventors find that compounds of formula M behave not 
as topoisomerase II poisons but rather as topoismerase II inhibitors. 

10 This was confirmed in a clonogenic assay where maleimide, N-methyl-malelmide (NMM), 
N-ethyl-maleimide (NEM) as well as TT0043 effectively blocked the cytotoxicity of 
etoposide and daunorublcin, providing furtrher evidence that compounds of formula M are 
catalytic inhibitors of toposiomerase II. Further corroboration of catalytic inhibitory activity 
of compounds of formula 1^ was found in clonogenic assays on human lung cancer cell tines 

15 H69/dau and H69/VP because no resistance to compounds of formula M was found In these 
cell lines which are selected to be daunorublcin and, etopside (VP-16) resistant 
.respectively. These lines exhibit cross-resistance to all known topoisomerase II poisons 
: This finding strengthens the notion that compounds of formula M are not topoisomerase II 
poisons but catalytic topoisomerase II inhibitors. 



Accordingly, In preferred embodiments of compounds of formula M, is preferably 
selected from the group consisting of =0^ and OR*, most preferably wherein R^ Is the 
carbonyl equivalent =0^. As Is known to the person skilled In the art, however, carbonyl 
groups (C=0) may be protected so as to dampen their reactivity. Thus, the carbonyl group 
25 or groups of compound M may be protected in a manner known to the person skilled In the 
art, such as its dioxolane or dithtane. Similarly, the carbonyl equivalent may be a 
thiocarbonyl or protected forms thereof. Alternatively, tautomers of the carbonyl or 
thiocarbonyl may be prepared and protected with, for instance, an alkyi chain. In a 
preferred embodiment of compounds of formula M, R^ is =0. 



In a further interesting embodiment of the present invention, the imide nitrogen Is 
derlvatized so as to render the compounds of formula M suitable pro-drugs for 
administration. In suitable embodiment of the compounds, R** Is selected from the group 
consisting of hydrogen, Ci-s-alkyl, optionally substituted aryl, optionally substituted 
35 heteroar/l, optionally substituted CHz-aryi, CH2-N(R'*)(R'*), CH2-0R\ CH2-SR% CH2-O- 
C(=0)R^ CH2-0-C(=S)R'*. In particularly interesting embodiments of compounds of 
formula M, R" is selected from the group consisting of hydrogen, optionally substituted Ci- 
6-alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 
CH2-aryl, as well as 
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Illustrative embodiments of compounds of formula M demonstrating suitable embodiments 
of are compounds of formula TT0046 (wherein is H), TT0048, TT0051 and TT006. 
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TT0046 



TT0M8 



TT0051 



TT008 



Further illustrative compounds, wherein ^ is an aliphatic amine linked to a ring system 
include M-i, M-il, l^-lil, M-iv, M-v, M-vl and M-vii 




M-ii 



M-in 



M-v 
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In a further suitable embodiments, Is an aliphatic amine wherein the amine nitrogen is 
part of ring system. Within such interesting embodiments comprises the embodiment 
comprising a maleimide dimer, liniced through their respective imide nitrogens an aliphatic 
5 chain. The chain linking two ring systems may be of other chain lengths are further 
comprise functional groups and substituents, as is i<nown to the person sicllled in the art. 
Suitable embodiments comprise M-vlii, MHx, M-x, and M-xl. 




M-xi 



A particular interesting embodiment is wherein R** comprises a heterocycle. The heterocyle 
10 may be substituted. In a suitable example, the heterocycle is substituted with a 
substituent which comprises a sulfoxide (SO3H, SO2)/ a hydroxy, a halogen, or any array of 
optional substituent as defined supra. 

The rings of R" may be substituted in a manner Icnown to the person st<iiled in the art. 
15 In a further preferred embodiment, at least one of and R' is hydrogen. In a combination 
of preferred embodiments, R* is preferably =0 and at least one of R® and Is hydrogen. 
In such an embodiment, the other of and R^ is A-Y-Z, wherein A, Y and Z are as defined 
supra. In the embodiment wherein at least one of R® and R^ is hydrogen and A is 
hydrogen, the compound of formula M is maleimide itself. 

20 

As can be seen from compound Tr0046, In a suitable embodiment of compounds of 
formula M, R^ and R^ may together form a ring. Thus, R^ and R^ may together form a C3.8- 
carbocycle, heterocycyl, aryi or heteroaryl, each of which may optionally be substituted, 
preferably a Cs-s-carbocycie, such as cyclohexane. 

25 

In an interesting embodiment of compounds of formula i^, is =0, R^ is =0, R^ Is 
hydrogen, one of R® and R' is hydrogen, and the other of R^ and R^ Is optionally 
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substituted Ci-e-alkyl, such as selected from methyl (compound TT0043) or ethyl. Various 
tests were performed on compound TT0043 as illustrated in the Examples. 

In the preferred embodiment wherein one of and Is hydrogen and the other of R® and 
5 R^ is A-Y-Z , A may be selected from the group consisting of hydrogen, -C(R^)(R^)-, - 
C{=0)-, -IM(R^)-, -0-, -P(0)-; Y may be absent or selected from one of the group 

consisting of optionally substituted Ci-e-alkyI, optionally substituted C(=0)-Ci.6-alkyl, 
optfonally substituted Ci.6-alkyl-C(=0), optionally substituted C2-io-aikenyl, optionaliy 
substituted Cz-io-alkynyl, optionally substituted Cs-s-carbocyde and optionally substituted 
10 heterocycle; and 2 is a monoradical selected from the group consisting of optionally 
substituted aryl, optionally substituted heteroaryl, optionally substituted Ca^a-carbocyle, 
optionally substituted heterocycle, H, OR^ N{R^)(R^), S-R^ NO2, -CN, and halogen. 

In an interesting embodiment of compounds of formula M, one of R* and R^ is hydrogen 
15 and the other of and R^ is A-Y-Z wherein Z is selected from the group consisting of 
N(R®)(R^) and optionally substituted heteroaryl. In the suitable embodiment Z Is an 
optionally substituted heterocycle, such as a nitrogen-, oxygen-, or sulfur-containing 
heterocycle. Preferably, the heterocycle Is a nitrogen-containing heterocycle. In the 
embodiment wherein Z Is a heterocycle, the heterocycle Is preferably selected from the 
20 group consisting of maleimlde, succinlmide, hydantoln, thio-hydantoln, dioxyplperazine, 
dihydrouracil, imidazole, pyrazole, pyrrole, oxazole, furazan, barbituric acid, thlobarblturic 
acid, 3-alkoxyisoxazole, quinoline, amlnoacridine, and cytosine, each of which may be 
optionally substituted. A particular Interesting embodiment Is wherein R** comprises a 
heterocycle. The heterocyle may b.e substituted. In the suitable example wherein Z is a 
25 heterocycle, said heterocyle Is optionally substituted with a substituent which comprises a 
sulfoxide (SO3H, SO2), a hydroxy, a halogen, an amine, or any array of optional 
substituent as defined supra. 

In the embodiment wherein Z Is a nitrogen-containing heterocycle, said heterocycle may 
30 be attached to Y by means of the nitrogen or by means of a carbon atom present in the 
heterocycle. 

As stated. In an Interesting embodiment of compounds of formula M, one of R® and R^ Is 
hydrogen and the other of R^ and R^ is A-Y-2 wherein Z Is selected from the group 
35 consisting of N(R®)(R^), optionally substituted heteroaryl and optionally substituted 
heterocycyl. In the embodiment wherein Z is N(R^){R®), R® and R^ may independently be 
selected from the group consisting of hydrogen, optionally substituted Ci-g-alkyl, optionally 
substituted C2.io-alkenyl, optionally substituted Cj-io-alkynyl, optionally substituted aryl, 
optionally substituted heteroaryl, optionally substituted heterocycle, optionally substituted 



18 

C3-C7-cycloalkyl, CH2-N(R^)(R^), CH2-OR^ CH2-SR^ CH2-0-C(=0)R\ CH2-0-C{=0)-0R^ 
CH2-0-C(=S)R^ CH2-S-C(=0)R^ C(=0)(R^), C(=S)R^ "C(=:S)-OR^ -C(=0)-SR^ C(=0)- 
N(R^){R^) and C(C=S)-N(R^)(R^). In a preferred embodiment, at least one of R^ and R® is 
selected from tlie group consisting of optionally substituted lieteroaryl and optionally 
5 substituted lieterocycle, preferably an optionally substituted lieterocycle. The present 
investigators iiave prepared compounds of formula M wiierein Z is N(R®)(R^) and one of R® 
and R^ is an optionally substituted heterocycle is preferably selected from tiie group 
consisting of adenine, benzothiazole, maleimide, sucdnlmide, hydantoln, thio-hydantoin, 
dioxypfperazine, diliydrouracil, imidazole, pyrazole, pyrrole, oxazole, furazan, barbituric 
10 acid, thiobarbituric acid, S-allcoxylsoxazole, qulnoline, aminoacridine, and cytosine, eacli of 
which may be optionally substituted. . In the suitable example wherein one of R° and R^ is 
an optionally substituted heterocycle, said heterocyle is optionally substituted with a 
substituent which comprises a sulfoxide (SO3H, SO2), a hydroxy, a halogen, an amine, or 
any array of optional substituent as defined supra. 

15 

As stated, the compound of formula I may be a compound of formula D, a 3-substituted 
succinimlde. Substitution at the 3-position may be by an optionally substituted alicyl, an 
amine, an ether or a thioether such that A Is selected from the group consisting of C(R^R^), 
N(R^), O, and S. In embodiments of compounds of formula D, the 3-positlon Is preferably 
20 substituted with an amine, an ether or a thioether such that A is preferably N(R^), O, and 
S, most preferably N(R^) and S. In a most preferred embodiment, compounds of formula D 
is a 3-amino succinimide, such that A is N(R^). 

Substitution at the 3-postlon of compounds of formula D may be by a chain of any array of 
25 lengths such that amine, ether, thioether or allcyl at the 3-positlon Is bonded to Y wherein 
Y is biradical which may be absent or Independently selected from of the group consisting 
of optionally substituted Ci.6-ali<yl, optionally substituted C(=0)-Ci-6-alkyl, optionally 
substituted C^"^-alkyl-C(=0), optionally substituted Cz-io-alkenyl, optionally substituted C2- 
10-alkynyl, optionally substituted Ca-a-carbocycle and optionally substituted heterocycle. 
30 Preferably, Y is selected from the group consisting of Ci-s-aikyI, C2-io-aikenyl, C2-io-a!kynyl, 
each of which may be optionally substituted. In a most preferred embodiment of 
compounds of formula D, Y is optionally substituted Ci-e-alkyI biradical. It is particularly 
preferable that Y is optionally substituted Ci.6-alkyl, such as a biradical of methyl, ethyl, n- 
propyl, Isopropyl, n-butyi, isobutyl, sec-butyl, tert-butyl, pentyl, Isopentyl, neopentyl and 
35 hexyl. 
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Thus, in a combination of preferred embodiment of compounds of formula D, a 3- 
substltuted succlnlmlde, substituted with a secondary amine, a tertiary amine or thloether 
(thioxide) wherein the amine or alkoxide is substituted with an optionally substituted Ci-e- 
ailcyl biradical. That Is to say, that In this combination of preferred embodiments of 
5 compounds of formula D, the class is represented by D-i and D-li. A particularly preferred 
embodiment of compound D Is compound D-i. 



The distal terminus of the substitution at the 3-posltlon of compound D consists of the 
monoradlcal Z, which may be selected from the group consisting of optionally substituted 
10 aryl, optionally substituted heteroaryl, Ca-a-carbocyle, heterocycle, H, OR^ N(R^)(R^), S-R^, 
NO2, -CN, and halogen. 

Z Is selected from the group consisting of hydrogen, optionally substituted aryl, optionally 
substituted heteroaryl, optionally substituted CB-e-carbocyle, optionally substituted 
15 heterocycle, OR^ N(R^)(R^), S-R^, preferably wherein Z Is selected from the group 
consisting of hydrogen, optionally substituted heteroaryl, optionally substituted heterocycle 
and N{R^)(R^), most preferably optionally substituted heterocycle and N(R^)(R^), 
particularly an optionally substituted heterocycle. 

20 In suitable embodiments of compound D, 2 is selected from the group consisting of 
hydrogen, optionally substituted heterocycle, optionally substituted aryl, and optionally 
substituted Ca-e-carbocycle. In one particularly Interesting embodiment, Z Is an optionally 
substituted heterocycle. In another particularly Interesting embodiment, Z Is hydrogen. 

25 In the suitable embodiment Z Is an optionally substituted heterocycle, such as a nitrogen-, 
oxygen-, or sulfur-containing heterocycle. Preferably, the heterocycle is a nitrogen- 
containing heterocycle. The heterocycle is preferably selected from the group consisting of 
malefmide, succlnimlde, hydantoin, dioxyplperazine, dihydrouracil, imidazole, pyrazole, 
pyrrole, oxazole, furazan, barbituric acid, thiobarbituric add, and 3-alkoxyisoxazole, each 

30 of which may be optionally substituted. 
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In a combination of preferred embodiments, A Is N(R^), Y is an optionally substituted Ci-g- 
alkyl, and Z is hydrogen. The Ci_6-alkyl may be optionally substituted, such as by an alkyi 
chain, as Is demonstrated by compounds I-xli to I-xxxlv, wherein, for illustrative purposes 
only, Y Is a d-e-alkyl substituted by a Ci-aikyl (methyl). It Is to be understood that the Q. 
5 6-alkyl, and Y in general, may be optionally substituted otherwise such as by one or more 
higher alkyls, halogens, Ci-6-alkoxides and hydroxyls. 

In a further combination of preferred embodiments, A is N(R^), Y is an optionally 
substituted Ci^-alkyl, and 2 is an optionally substituted heterocycle. In a particularly 
10 preferred embodiment , A is N(R^), Y Is an optionally substituted Q^-alkyl, and 2 Is 
maleimlde or succinlmide. 

In a suitable embodiment of compound D, Z is selected from the group comprising of OR^, 
N(R^)(R^), S-R^ wherein R^ Is selected from the group consisting of hydrogen,, optionally 

15 substituted Ci.4 alkyl, optionally substituted Cz.s-alkenyl, optionally substituted Cz-s-alkynyi, 
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 
heterocycle, and optionally substituted C3"C7-cycloalkyl. Preferably, R^ Is selected from the 
group consisting of hydrogen, optionally substituted aryl, optionally substituted heteroaryl, 
optionally substituted heterocycle, and optionally substituted C3-C7-cycloalkyl. Most 

20 preferably, R^ is selected from the group consisting of optionally substituted heteroaryl and 
optionally substituted heterocycle, most R^ is an optionally substituted heterocycle. 

In the suitable embodiment wherein R^ is an optionally substituted heterocycle, the 
heterocycle is preferably selected from the group consisting of maleimlde, succinlmide, 
25 hydantoin, dihydrouracil. Imidazole, pyrazole, pyrrole, oxazole, furazan, barbituric acid, 
thiobarblturic acid, dioxopiperazine, and 3-alkoxyisoxazole, each of which may be 
optionally substituted. 

In a combination of preferred embodiments of compounds of formula D, 2 is N(R^)(R^) and 
30 is an optionally substituted heterocycle. Most preferably, R^ Is a heterocycle selected 
from the group consisting of malelmide, succinimlde, hydantoin, dioxopiperazine, 
imidazole, pyrazole, pyrrole, oxazoie and furazan, particularly succinimlde. Some suitable 
embodiments of compound I are Illustrated by compounds' I-lii to I-xi. 

35 In the suitable embodiment wherein 2 is N(R^)(R^) and R^ is an optionally substituted 
heterocycle, N may be bonded to any position on said heterocycle, including to a 
heteroatom within said heterocycle. 
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In a further suitable embodiment, Z is N(R^)(R^) and N together with and R^, form an 
optionally substituted heterocycle. In such an embodiment N Is bonded to Y. Preferably, 
the heterocycle selected from the group consisting of malelmide, succinlmlde, hydantoin, 
5 thio-hydantoln, dioxyplperazlne, dlhydrouradl. Imidazole, pyrazole, pyrrole, oxazole, 
furazan, barbituric , acid, thiobarbituric acid, 3-aikoxyisoxazole, quinoiine, aminoacrldine, 
and cytoslne, each of which may be optionally substituted. 



It should be noted that In the combination of Interesting embodiments of formula D 
10 wherein A is N(R^), Z Is N(R^)(R^) and R^ Is succinimide, such as within D-lii, the compound 
is a dimer of succinimide joined by a linker moiety of length determined by Y. This subclass 
of compounds showed surprising activity as a topoisomerase II catalytic inhibitor, as 
shown in Example 1. 

15 The length of the substituent of compounds of formula D may be altered in part by means 
of the value of n, which may be any whole number but is preferably an integer ranging 
from 1 to 3, such as from 1 to 2, preferably 1. 



Compounds of formula I, including compounds of formula D, may have the imide nitrogen 
20 as the free nitrogen (NH) or may be protected or derivatized with R** in a manner known to 
the person skilled in the art (In the illustrative structures D-lii to I-xii, the Imide nitrogen is 
not defined for simplicity). In a suitable embodiment, and R" are independently selected 
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from the group consisting of hydrogen, Ci^-alkyl, optionally substituted aryl, optionally 
substituted heteroaryl. 

In a further Interesting embodinnent of the present Invention, the Imide nitrogen is 
5 derivatlzed so as to render the compounds of formula D suitable pro-drugs for 
administration. In suitable embodiment of the compounds, R'^and are selected from the 
group consisting of hydrogen, CH2-N(R^)(R^), CH2-OR*, CH2-SR^ CH2-0-C(=0)R\ CH2-0- 
C(=S)R*, most preferably CH2-N{R'*)(R*), CHj-OR^ and CH2-0-C(=O)R^. 

10 In particularly Interesting embodiments of compounds of formula D, and R" are 
independently selected from the group consisting of hydrogen, optionally substituted Cl-6- 



In a suitable embodiment of the present invention, the 4-position of the succlmlmlde 
15 derivative is also substituted with an A~Y-Z unit as shown in formula D. the value of m 
may be any whole number, preferably ranging from 0 to 3, such as from 0 to 2, preferably 
0 or 1, most preferably 0. In a suitable embodiment, m is 0 and Z' is H. 

Thus, in a combination of preferred embodiments of compounds of formula D, m Is 0, Z* Is 
20 H, R^ Is O^, n is 1, A is N(R^), Y is an optionally substituted Cl-6-alkyl biradical , Z is 
N(R^)(R^) and R^ is an optionally substituted heterocycle. In another combination of 
preferred embodiments, m Is 0, Z* Is H, R^ is 0^ n is 1, A is N(R^), Y is an optionally 
substituted Cl-6>a]kyl biradical , and Z Is an optionally substituted heterocycle. The 
optionally substituted heterocycle Is preferably selected from the group consisting of 
25 succlnimide. Imidazole, pyrazole, pyrrole, oxazole, furazan, hydantoln, and dihydrouracil, 
dioxopiperazine, each of which may be optionally substituted, most preferably an 
optionally substituted succinimide. 



alkyl. 



CHg— OH. 
Q 




and 




In an alternative combination of preferred embodiments of compounds of formula D, m is 
30 0, Z* Is H, R^ Is 0^ n Is 1, A Is N(R^), Y is optionally substituted Cl-6-aIkyl biradical, and Z 
is H. 
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Illustrative examples of these combined preferred embodiments of compounds of formula 
D are depicted by structures of compounds of the formula D-xii, D-xlil, D-xiv, D-xv, each 
of which are suitable human topolsomerase II catalytic Inhibitors; 



R R^ 



E>-xn D-xiv 




wherein Is selected from the group consisting of hydrogen, optionally substituted Ci_8 
alky), optionally substituted Cj-io-alkenyl, optionally substituted C2-10 aikynyi, optionally 
substituted aryi, optionally substituted heteroaryl, optionally substituted heterocycle, 

10 optionally substituted Ca-C^-cycloalkyl, CH2-'N(R^)(R^), CHz-OR^, CH2-SR^ CH2-0-C{=0)R^ 
CH2-0-C(=S)R^ CH2-S-C(=0)R^ C(=0)(R^), C(=S)R^ -C{=:S)-OR^ -C(=0)-SR^ C(=0)- 
.N{R^)(R^), C{Cs=S)-N(R^)(R^); R is selected from the group consisting of hydrogen, 
halogen, optionally substituted Ci-e alkyi, optionally substituted Ci^ alkoxy, optionally 
substituted C2-5 alkenyl, optionally substituted C2-6 alkynyl, optionally substituted aryi, 

15 optionally substituted heteroaryl, optionally substituted heterocycle, and optionally 
substituted C3-C7 cycloalkyi; R^ Is selected from the group consisting of hydrogen, 
optionally substituted Q^-alkyl, optionally substituted C2.5-alkenyl, optionally substituted 
Ca-e-alkynyl, optionally substituted aryl, optionally substituted heteroaryl, optionally 
substituted heterocycle, and optionally substituted C3-C7-cycioalkyl. 

20 

Compound D-xv, wherein R is hydrogen R^ is hydrogen, and is hydrogen, known as 
compound 1-21, is tested In the Examples. Compound D-xv, wherein one R Is methyl, the 
other R is hydrogen, R^ is hydrogen, and R" is hydrogen, known as compound 1-112, is 
tested In the Examples. 

25 

As can also be seen from Example 1, maleimlde was surprisingly found to have 
topolsomerase II catalytic inhibitory activity. Moreover, the 3-amlnoalkyl-substituted 
succlnimides were also found to have topolsomerase II catalytic inhibitory activity. 
Furthermore, "dimeric" compounds wherein two succinlmide moieties are linked by an 
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optionally substituted diamino alky! chain were also found to have topoisomerase II 
catalytic Inhibitory activity. The present Inventors have demonstrated that an array of the 
maleimide derivatives, 3-substltuted succinimides and "dimeric" compounds have 
topoisonnerase II catalytic Inhibitory activity. In a most preferred embodiment, compounds 
5 of formula I are selected from compounds of formula M. 

As stated, an Important aspect of the present invention relates to a method of treating 
diseases and disorders for which inhibition or pharmacologic modulation of the 
topoisomerase II enzyme produces a physiologically beneficial response In said disease or 

10 disorder comprising the step of administering an effective amount of a compound of 
formula I. Example 1 demonstrates the activity of selected compounds of formula I as a 
topoisomerase II catalytic inhibitor. Correspondingly, the use of a compound of formula I 
for the preparation of a medicament for diseases or disorders for which Inhibition or 
modulation of the topoisomerase II enzyme produces a physiologically beneficial response 

15 is an important aspect of the present invention. The use of a compound of formula 1^ for 
the preparation of a medicament for diseases or disorders for which inhibition or 
modulation of the topoisomerase II enzyme produces a physiologically beneficial response 
Is a particularly Important aspect of the present invention. 

20 As stated, the topoisomerase II enzymes belong to a family of nuclear enzymes involved in 
the processing of DNA during the cell cycle. In short, they are able to introduce transient 
cleavage of both strands of the DNA double helix, thereby allowing the passage of another 
intact DNA double strand through the cleavage. The duration of the transient DNA break is 
very short. Topoisomerase II catalytic inhibitors are known to be useful in the treatment of 

25 tumours. Thus, a further aspect of the present invention relates to a method of treating a 
tumour in a mammal, such as a human, comprising administering to said mammal an 
effective amount of a compound of formula I. A method of treating a tumour In a mammal, 
such as a human, comprising administering to said mammal an effective amount of a 
compound of formula M is a partlculariy Interesting aspect of the Invention. Preferably, the 

30 anti-tumour effect results, at least In part, by inhibiting topoisomerase II enzyme. A 
related aspect of the present invention embodies the use of a compound of formula I for 
the preparation of a medicament for use in anti-cancer therapy. A preferred embodiment 
of this aspect relates to the use of a compound of formula M for the preparation of a 
medicament for use In anti-cancer therapy. Accordingly, the compounds of formula I, such 

35 as compounds of formula M, may be, in themselves, cytotoxic agents, anti-tumour agents 
or anti-cancer agents. 

The compounds of the present invention may be particulariy useful in the treatment of 
tumours such as hypoxic solid tumours. Compounds of the present Invention are 
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anticipated to be particularly useful In the treatment of malignant melanoma, breast 
cancer, ieukaemia and small cell lung cancer. Compounds of the present Invention may 
also be particularly useful for the treatment of tumours which are not especially enriched 
(poor) In their topoisomerase 11 concentration. 

5 

As stated, ICRF-187 Is a topoisomerase II catalytic inhibitor. The present investigators 
have demonstrated that compounds of formula I are also topoisomerase II catalytic 
inhibitors. Topoisomerase II catalytic Inhibitors such as ICRF-187 are useful for the 
prevention and treatment of accidental extravasation, such as due to topoisomerase 
10 poisons. It is anticipated that topoisomerase II catalytic inhibitors of formula I are useful 
for the prevention and treatment of accidental extravasation. 

Thus, a further aspect of the present invention relates to a method for preventing or 
treating tissue damage due to extravasation, such as due to topoisomerase II poisons, 
15 including anthracyclines, in a patient receiving said treatment, by administering an 
effective amount of compound of formula I. A further aspect of the present invention 
relates to the use of a compound of formula I for the manufacture of an agent to prevent 
or treat extravasation. 

20 In a suitable embodiment, the extravasation is the result of the administration of one or 
more topoisomerase II poisons. The topoisomerase poison responsible for the 
extravasation may be selected from the group comprising doxorubicin, daunorubicin, 
dactinomycin, epirublcin, bisantrene, pacitaxel, amsacrine, mitomycin C, vincristine, 
vinblastine, vindeslne, liposomal anthracyclines, mitoxantrone, esorubicin, menogaril, 

25 acaicinomycin, clsplatln, fluorouracli, etoposide and bleomycin. 

Moreover, the use of the catalytic Inhibitors of topoisomerase II of the present invention 
may enhance the anti-cancer treatment of classical poisons resulting In a broader 
therapeutic index for the classical poisons by either reducing the side effects (toxicity) or 
30 by enhancing the effect of the poison. 

A compound of formula I may be combined with an array of chemotherapeutic agents to 
provide an effective treatment of a variety of cancers. 

35 However, a particularly interesting aspect of the present invention relates to the use of a 
compound of formula I, such as a compound of formula D or M, preferably M, as an agent 
which, when combined with a topoisomerase II poison. Is effective in the treatment of 
cancer and to a method of providing anti-cancer therapy in a mammal, such as a human. 
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comprising administering an effective amount of a combination of topolsomerase II poison 
and a compound of formula I, sucii as a compound of formula D or 1^, preferably M. 

The combination treatment may Involve the combining of one or more compounds of 
5 formula I, such as a compound of formula D or M, preferably M, with a chemotherapeutic 
agent be selected from the group comprising pacitaxel, doxorubicin, daunorublcin^ 
dactlnomycin, epirubicin, bisantrene, pacitaxel, amsacrine, mitomycin C, vincristine, 
vfnblastine, vlndeslne, liposomal anthracycllnes, mitoxantnone, esorubidn, menogarit, 
acalcinomycin, cisplatin, fluorouradi, etoposide and bleomycin, mithramycin, melphalan, 

10 carmustlne, darcabazlne, cytarbine, methotrexate, teniposide, L-asparaginase, alfa- 
Interferon, interieukin 2 and other chemotherpeutic agents known the person skilled in the 
art, preferably pacltaxel, doxorubicin, daunorubicin, dactinomycin, epirubicin, bisantrene, 
pacltaxel, amsacrlne, mitomycin C, vincristine, vinblastine, vindeslne, liposomal 
anthracydines, mitoxantrone, esorubidn, menogaril, acalcinomycin, cisplatin, fluorouradi, 

15 etoposide and bleomycin. 

Cancers considered to be especially suitable for the combination treatment may be 
selected from the group comprising malignant melanoma, breast cancer, leukaemia and 
small cell lung cancer. 



A subclass of compounds of formula D, compounds of formula II have never been 
associated to having therapeutic potential. Thus, a further aspect of the present Invention 
relates to a compound of formula II for use as medicament. 



wherein Y is a biradlcal independently selected from of the group consisting of Cl-6-alkyl, 
C(=0)-Ci^-alkyl, Ci.5-alkyl-C(=0), Cz-io-alkenyl, C2-io-alkynyi, Cs-s-carbocyde, heterocycle, 
each of which may be optionally substituted; X Is selected from the group consisting of 
N(R^), S and O; R" is selected from the group consisting of hydrogen, optionally 
30 substituted Cj.s alkyi, optionally substituted Ca-io-alkenyl, optionally substituted C2-10 
alkynyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 
heterocyde, optionally substituted C3-C7-cycloalkyl, CH2-N(r3)(r3), CH2-0R^ CH2-SR^ CH2- 
0-C(=0)R^ CH2-0-C(=S)R^ CH2-S-C(=0)R^ C{=0)(R^), C(=S)R^ -C(=S)-OR^ -C(=0)- 



20 




II 
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SR^ C(=0)-N(R^){R^), C(C=S)-N(R^)(R^); R and R^ are independently selected from the 
group consisting of hydrogen, optionally substituted C1-5 ailcyl, optionally substituted C2-5- 
alkenyl, optionally substituted C2.6 alkynyl, optionally substituted aryl, optionally 
substituted heteroaryl, optionally substituted heterocycle, and optionally substituted C3-C7- 
5 cydoalkyl. 

In a preferred embodiment of compound II, X is selected from the group consisting of 
N(R^] and 5, most preferably N(R^) as fn compound Ila. 

J \^ R o 
lla 

10 In a suitable embodiment, the 4-position of each of the succlnlmlde derivative moieties is 
unsubstltuted. That is to say, R is suitably hydrogen. 

As was stated, in connection with compounds of formula I, derivatlzatlon of the Imide 
nitrogen with R" in order to prepare pro-drugs is particularly interesting to the [iresent 
15 investigators. may be selected from the group consisting of hydrogen, CH2-N(R'*)(R'*), 
CH2-OR^ CH2-SR^ CH2-0-C(=0)R^ CH2-0-C(=S)R\ most preferably CH2-N(R^){R^), CHj- 
0R^ and CH2-0-C(=0)R\ 

In particularly interesting embodiments of compounds of formula II, R'* is selected from 
20 the group consisting of hydrogen, 

CHj— OH, 




The succlnlmlde derivative moieties of compounds of formula II are spaced by a N(R^)-Y- 
N(R2), O-Y-O, S-Y-S, N(R^)-Y-0, N(R^)-Y-S, O-Y-S, O-Y-N(R^), S-Y-O, or S-Y-N(R^) moiety, 
wherein Y is a biradlcal independently selected from of the group consisting of optionally 
25 substituted Ci^-alkyl, optionally substituted C(=0)-Ci.6-aikyl, optionally substituted Ci-g- 
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all<yl-C(=0) and optionally substituted Cs-s-carbocycie. In a preferred embodlnrient of 
compounds of formula n, Y is an optionaily substituted Ci-s-alkyl. 

A furtlier aspect of the present invention relates to a subclass of compounds of formula I, 

5 termed formula III. These are novel compounds In themselves and have been found to 
have topolsomerase II catalytic inhibitory activity. Thus the present invention further 
relates to compounds of formula III 

E 

r'LnA^A-(CrV)-Z 

R ^A' {CR^R^~ Z' 

III 

wherein is selected from the group consisting of hydrogen, CH2-N(R'*)(R'*), CH2-OR^ and 
10 CH2-0-C(=O)R^; A and A' are Independently selected from the group consisting of 
!M(R^)(R^), S and O; n and m are independently selected whole numbers in the range of 0 
to 8, Z and Z' are selected from the group consisting of hydrogen, optionally substituted 
heterocycle and N(R^)(R'*) wherein Is an optionally substituted heterocycle; -O^ is a 
carbonyl equivalent such as selected from the group consisting of =0, =S; -OR^ -SRS 
15 dithlane, dioxolane and dioxane; R^ Is selected from the group consisting of -O^ OR^, 
N(R^)(R^), S-R^ NO2, -CN, and halogen; R^ and R^ are independently selected from the 
group consisting of hydrogen, halogen, hydroxy, optionally substituted Cj-e-alkyl, 
optionally substituted Ci^-alkoxy, optionally substituted C2.5-all<enyl, optionally substituted 
C2.6-alkynyl, optionally substituted aryl, optionally substituted heteroaryl, optionally 
20 substituted heterocycle, and optionally substituted C3-C7-cycloalkyl;and R^, R"* and R^ are 
Independently selected from the group consisting of hydrogen, optionally substituted C1.4 
alkyl, optionally substituted C2-5 alkenyl, optionally substituted C2-6 alkynyl, optionally 
substituted aryl, optionally substituted heteroaryl, optionally substituted heterocycle, and 
optionally substituted C3-C7 cycloalkyt. 

25 

In a preferred embodiment of compounds of formula III, (CR^R^)n Is selected from the 
group consisting of optionally substituted Ci^e-alkyl biradical, preferably optionaily 
substituted Ci-g-alkyl, such as an optionally substituted biradical of methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl and hexyl. 

30 

As stated in connection with compounds of formula I and II, In preferred embodiments of 
compounds of formula III, R^ Is selected from the group consisting of hydrogen. 
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CH2— OH. 



O 



and 




In formula III, Z may be an optionally substituted heterocyde selected from the group 
consisting of succfninnlde, imidazole, pyrazole, pyrrole, oxazole, furazan, barbituric add, 
thiobarblturic add, dioxopiperazlne, hydantoin, dihydrouracll, and 3-alkoxyisoxazo(e, each 
5 of which may be optionally substituted, preferably wherein Z Is an optionally substituted 
heterocyde selected from the group consisting of succinimide, imidazole, pyrazole, pyrrole, 
oxazole, and furazan, each of which may be optionally substituted. Most preferably Z is an 
optionally substituted succinimide. 

10 In formula III, Z is selected from the group consisting of hydrogen, optionally substituted 
heterocyde and N(R^)(R^) wherein R^is an optionally substituted heterocyde. 

In a preferred embodiments, R^ is a heterocyde selected from the group consisting of 
succinimide. Imidazole, pyrazole, pyrrole, oxazole, furazan, barbituric acid, thiobarblturic 
15 acid, dioxopiperazlne, hydantoin, dihydrouracll, and 3-alkoxylsoxazole, each of which may 
be optionally substituted, preferably wherein R^ Is an optionally substituted heterocyde 
selected from the group consisting of succinimide, imidazole, pyrazole, pyrrole, oxazole, 
and furazan, each of which may be optionally substituted, i^lost preferably R^ Is an 
optionally substituted succinimide. 



In a combination of preferred embodiment of compound of formula III, -A- Is -N(R'*)(R^)-, 
R^ is -O^ and is =0, m is 0 and Z' is H. In a particularly preferred embodiment of 
compounds of formula III, A'-(CR^r3)^-Z' is H, -A- is -N(R*)(r5)-, R^ Is -O' and is =0. 

25 In a suitable combination of preferred embodiments of compounds of formula III, A*- 
(CR^R^VZ' Is H, -a- is -N(R'')(R^)-, R^ is -O^ is =0, and Z Is hydrogen. 

In a suitable combination of preferred embodiments of compounds of formula III, A*- 
(CR2R^)m-Z' is H, -A- is -NCR'^jCR^)-, R^ is -O^ Is =0, and Z is an optionally substituted 
30 heterocyde. 



20 
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In an alternative combination of preferred embodiments of compounds of formula III, A'- 
(CR^R^)m-Z' is H, -A- Is -N(R'*)(R^)-, R^ is -O^ is =0, and Z is l\J(R^)(R'*) wherein R^ is 
an optionally substituted heterocycle. 

5 In a furtlier suitable combination of preferred embodiments, A'-(CR^R^)ni-'Z' Is H, -A- is -S, 
R^ is -0^ Is =0, and 2 Is NCR^XR"*) wherein R^ is an optionally substituted heterocycle. 

As stated, compounds of formula D-xll, D-xill, D-xvi and D-xv were found to have 
surprising topolsomerase II Inhibitory activity. Compounds of formula D-xli, D-xlil, D-xvi 
10 and D-xv are novel compounds. Compounds of formula D-xii, D-xiii, D-xvi and D-xv are a 
subclass of compounds of formula III and are considered a particularly Interesting 
embodiment of compounds of formula III. Most preferably, R is preferably selected from 
the group consisting of hydrogen, halogen, hydroxyl, and optionally substituted Ci.4-alkyl. 

15 As is known to the person sl<illed in the art, salts of compounds of formula I, M, D, II and 
III, such as quaternary ammonium salts, are embodied In the present invention. Moreover, 
enantiomeric, diastereomeric and racemic forms of compounds of the invention are also 
anticipated. 

20 A further aspect of the present invention relates to a pharmaceutical composition 
comprising at least one compound selected from the group consisting of formula I, M, D, II 
and III, with at least one pharmaceutically acceptable exclpient or carrier. Most preferable 
are compositions comprising compounds of formula M. 

25 A pharmaceutical composition, according to the present invention, may further comprise 
one or more chemotherapeutlc agents selected from the group comprising pacitaxel, 
doxorubicin, daunorubicin, dactinomycin, epirubicin, bisantrene, pacitaxel, amsacrine, 
mitomycin C, vincristine, vinblastine, vindesine, liposomal anthracycllnes, mitoxantrone, 
esorubicin, menogaril, acalclnomycin, cisplatin, fluorouracll, etoposlde and bleomycin, 

30 mithramycin, melphalan, carmustine, darcabazine, cytarblne, methotrexate, teniposlde, L- 
asparaginase, alfa-interferon, lnterieul<in 2 and other chemotherpeutic agents known the 
person skilled in the art, preferably pacitaxel, doxorubicin, daunorublcin, dactinomycin, 
epirubicin, bisantrene, amsacrine, mitomycin C, vincristine, vinblastine, vindesine, 
liposomal anthracycllnes, mitoxantrone, esorubicin, menogaril, acalclnomycin, cisplatin, 

35 fluorouracll, etoposlde and bleomycin. 

In a particulariy preferred embodiment, pharmaceutical compositions comprise one or 
more compounds of formula M and iPurther comprise one or more topolsomerase II 
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poisons. Pharmaceutical compositions may be suitably formulated for oral, mucosal, 
intravenous, transdermal, parenteral or Intracranial administration. 

BRIEF DESCRIPTION OF THE FIGURES 

5 

The effect of the compounds of the present invention on the cytotoxicity of some of the 
classical poisons is Illustrated in Figures 1 to 3 showing the results from the donogenic 
assays. 

10 In Figure 1 the effect of ICRF-187 on idarublcin induced cytotoxicity Is shown. As seen 
from the figure, ICRF-187 shows no toxicity to cells when given alone. Idarublcin was used 
In two different concentrations {0.01^lM and O.OSjiM). Clearly ICRF-187 was able to Inhibit 
the toxicity induced by idarublcin (O.Olml^) up to about 80% survival. Likewise, ICRF-187 
has been shown to inhibit the cell toxicity of several other poisons as well. 

15 

Figure 2 shows the inhibitory effect of the compound 1-112 (identical with GS-I-3) on 
idarubicln cytotoxicity (same concentrations as mentioned above). 1-112 shows no 
cytotoxicity on its own, but is clearly able to protect against poison-induced cell damage. 
As seen, the concentrations of compound 1-112 used are lower than for ICRF-187 (1-112 is 
20 thus more potent than ICRF-187 in antagonizing the effect of the topolsomerase II poison 
idarublcin ), while maximum protection is less than seen for the lead compound ICRF-187, 

Figure 2 thus demonstrates the ability of compounds of formula I to attenuate the toxic 
effects of classical poisons such as the prevention of poison-Induced cell damage, i.e. 
25 extravasation. 

Figure 3 shows the effective inhibition of poison induced toxicity by the compound of 
formula M, malelmlde. The compound was tested against etoposide {VP-16, In 20}xtA 
concentration) and daunorubicin (In 0,3 concentration). In both cases, the Inhibition of 
30 cell toxicity was strong, but maleimide fs also toxic to cells in itself. 

Figure 3 thus further demonstrates the ability of compounds of formula M to attenuate the 
toxic effects of classical poisons such as the prevention of poison-Induced cell damage. I.e. 
extravasation. 

35 

Rgure 3 also demonstrates the ability of compounds of formula M to act as anti-tumour 
(anti-cancer) agents in themselves. 
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The effect of the compounds of the present Invention on DMA damage conferred by 
classical poisons is illustrated on Figure 4 and 5 using selected compounds. 

As an example, the alkaline elutlon assay on Figure 4 shows the reversal of etoposlde (VP- 
5 16) induced SSBs by ICRF-187 and by the compound 1-112 (Identical with GS-I-3). The 
promoting effect of etoposlde (3|iM) on DMA damage is shown on curve 2. The effect of 
ICRF-187 (SOOpM) and of 1-112 (250^M) when tested against etoposlde Is seen In the 
curves 3 and 5, respectively. 

10 Clearly, these catalytic inhibitors of topolsomerase 11 are able to antagonise the SSBs 
induced by etoposlde. 

Figure 5 illustrates the ability of maleimide to antagonise etoposlde-induced DNA damage 
in Intact cells. Curve 1 Is a no drug control, the etoposlde effect alone is seen from curve 
15 2. The ability of compound I-l (50 jaM) to antagonise this etoposide (VP-16) effect Is seen 
on curve 8. This antagonism Is similar to the antagonism shown for the lead compound 
ICRF-187. 

Figure 4 thus further demonstrates the ability of compounds of formula I, particularly 
20 those of formula M, to attenuate the toxic effects of classical poisons such as the 
prevention of poison-induced cell damage, i.e. extravasation. 

Figure 5 thus demonstrates the ability of compounds of formula M (maleimide derivatives) 
to attenuate the toxic effects of classical poisons such as the prevention of poison-induced 
25 cell damage, I.e. extravasation. 

Rgure 6 Illustrates the effect of one of the compounds of the present Invention (1-112, 
Identical with GS-I-3) on topolsomerase II catalytic activity using the decatenation assay. 
Like the control (ICRF-187) compound 1-112 is able to inhibit the topolsomerase II 
30 catalytic activity effectively at pharmacologically relevant concentrations. 

Figure 6 thus demonstrates the ability of compounds of formula I to act as anti-tumour 
(anti-cancer) agents in themselves. 
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Figure 7 shows the result from a decatenation assay performed with maleimide, NMM and 
NEM. Clearly, these compounds are highly active on the enzyme having an ICso of about 
2\iM. for Maleimide and about 4 nM for NMM and NEM. 
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Figure 7 thus demonstrates the ability of compounds of formula M to act as anti-tumour 
(anti-cancer) agents In themselves. 

Rgure 8 shown the result of a plasmid cleavage assay. Maleimlde is found to antagonize 
5 etoposide Induced formation of liniar DNA (form III) at concentrations between 5.0 and 



Figure 9 shows a similar effect of NEM on etoposide induced formation of linear DNA. 

10 Figure 8 and 9 thus demonstrates the ability of compounds of formula M to act as 
pharmacological regulators of classical topoisomerase II poisons by antagonizing the effect 



Figure 10 demonstrates the ability of a compound of formula M, maleimlde, to antagonize 
15 etoposide induced band depletion of cellular topoisomerase II enzyme. It Is seen that the 
extractable amount of topoisomerase II Is clearly reduced when cells are treated with 100 
etoposide. When maleimlde Is coapplied this effect of etoposide Is gradually lost. At 50 
\iM maleimlde the band depleting effect of etoposide is completely lost. 

20 Figure 10 thus demonstrates the ability of compounds of formula I to attenuate the effects 
of classical topoisomerase II poisons allowing for pharmacological regulation of these. 



Figure 11 demonstrates the cytotoxicity of a compound of formula M, maleimlde, on the 
human small cell lung cancer cell line IMCI-H69 and on its multi drug resistant derivatives 
25 NCI-H69/DAU and NCI-H69/VP. No cross resistance is observed as the three ceii lines are 
equally sensitive to malemide. 

Figure 11 thus demonstrates the ability of compounds of formula M to act as anti-tumour 
(anti-cancer) agents In themselves circumventing the MDR phenotype of cancer cells. 



625 nM. 



of these. 
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EXAMPLES 

Example 1: Pharmacological Activity of Sel ected Compounds 

5 Pharmacological Assays 

The in vitro and in vivo pharmacological assays used to characterise the compounds to be 
claimed as catalytic Inhibitors of the topolsomerase II enzyme are as follows: Clonogenic 
assay, decatenation assay, alkaline elution, band depletion and plasmld cleavage assay. 
10 These assays cover a range of Information and shall, as proof of concept of this class of 
compounds for the use as catalytic inhibitors of topoisomerase II, very briefly be 
described: 

Cionogenic assay 

15 

The Information derived from the clonogenic assay is cytotoxicity. If a given compound is 
able to antagonize the cytotoxic effect caused by the interaction of cellular topoisomerase 
II and classical topoisomerase II poisons, the compound Is classified as a catalytic 
topoisomerase II Inhibitor (CI) For medical use, the catalytic inhibitors should only be 
20 cytotoxic in relatively high concentrations by themselves. 

A 3-weeI< clonogenic assay Is used. Briefly, single cell suspensions (2 x 10"* cells/mL) in 
RPMI 1640 supplemented with 10% fetal calf serum are exposed to the drugs for 1 h, 
washed twice In PBS at 37°C, and plated In triplicate In soft agar on top of a feeder layer 
25 containing sheep red blood cells. The number of cells is adjusted to obtain 2000 to 3000 
colonies in the control dishes. Finally, the colonies are counted. 

Decatenation assay 

30 The decatenation assay is a direct measurement of a given compounds inhibitory action on 
purified topoisomerase II enzyme. The general role of the topoisomerase 11 enzyme in 
living cells is to cause decatenation of catenated DMA during cell division. If a compound Is 
able to inhibit this decatenation, the compound is an inhibitor of the topoisomerase II 
enzyme. While this assay is capable of determining whether a given compound is active 

35 against topoisomerase II, information concerning the exact mode of action is not provided. 
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Topoisomerase II catalytic activity is measured by kDNA decatenation. labelled kDNA is 
isolated from Crithtdia fascicufata (ATCC, Manassas, VA) as described In (24). Briefly, 
relevant concentrations of the test compound In buffer (SOmM Tris-CI, pH8, 120mM KCI, 
5 lOmM MgClz/ l.OmM ATP, , 30mg B5A/ml) and purified topoisomerase II a Is incubated 
with 0.2 mg kDNA for 15 mln at S^^C in a final volume of 20 ^il. After addition of stop 
buffer/loading dye mix (5% Sarkosyl, 0.0025% bromophenol blue, 25% glycerol), samples 
are loaded on 1% agarose/0.5% ethldlum bromide gels and run in TBE buffer containing 
0.5 mg/ml ethldlum bromide at lOOV for approximately 50 mln and photographed under 
10 UV light. In addition, loading wells are cut>out and scintillation counted to obtain numerical 
values. These values are then plotted against drug concentration to obtain dose-response 
curves enabling the determination of IC50 values for individual compounds. 

Alkaline elation 

15 

In alkaline elution, which is a whole cell assay (in vitro assay), the compounds are tested 
in cells for their ability to interfere with the formation of single strand DNA breaks (SSBs) 
induced by classical poisons e.g. etoposide and daunorublcin. This assay thus provides 
information concerning a given compounds ability to cause (or antagonize in the case of 
20 topoisomerase II catalytic inhibitors In the combination with classical topoisomerase II 
poisons) DNA damage in intact cells. 

The assays for SSBs and for DPCs (DNA-proteIn cross-links) are performed according to 
Kohn et. ai (23). 

25 

For measurement of single-strand breaks (SSBs), L1210 cells used as intemal standard are 
exposed to 100 nM H2O2 for 60 mln on Ice, corresponding to an irradiation dose of 300 rad 
as described by Szmigiero and Studzian (25). OC-NYH cells are Incubated in medium 
supplemented with the Indicated drug at 37**C for the specified periods, washed in 10 mL 

30 Ice-cold PBS and then lysed on the filter (Nucleopore, 2.0 pore size) with 5 mL of SDS- 
EDTA lysis solution (2% SDS, 0.1 glycine and 0.025 M NazEDTA) at pH 10, followed by 
addition of 1.5 mL SDS-EDTA lysis solution supplemented with 0.5 mg/mL proteinase K. 
Mixing of standard and experimental cells is done immediately prior to lysis. DNA was 
eluted with tetrapropyi-ammonlumhydroxIde-EDTA, pH 12.1 containing 0.1% SDS at a 

35 rate of 0.125 mlVmln. Fractions are collected at 20-min intervals for 2 h. Filters are 
treated with 400 jxL 1 N HCI for 1 h at 60°C, cooled and 0.4 M NaOH Is added prior to 
scintillation counting. 
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Compounds capable of antagonizing the DNA damage Induced by classical topoisomerase 
II poisons such as etoposide are classified as topoisomerase II catalytic inhibitors. 

Band depletion 



The band depletion assay is also related to the mode of action of the compounds at the 
enzyme level In Intact cells. Incubation of the cell^ with e.g. etoposide, reduces the amount 
of extractable topoisomerase II a enzyme in the cells (27). Thus by Inhibiting rellgatlon, 
etoposide traps the enzyme on its DNA substrate, leaving less freely available enzyme for 

10 salt extraction. Experiments with the catalytic inhibitor ICRF-187 (preincubated 1 h) has 
shown (8) that the compound is also able to induce a marked decrease (ATP-dependent) In 
the extractable amount of both topoisomerase II a and p Isozymes. A correlation between 
these results and the mode of action of the blsdioxopiperazines acting by locking the 
homodf merle topoisomerase II in the form of a closed bracelet surrounding the DNA at the 

15 post-ligatlon step has been demonstrated. 

OC-NYH cells are Incubated for 1 h at 37C In RPMI 1640 with 10% of fetal calf serum with 
the desired compounds for test. Thereafter, whole cell lysates were obtained at 4C. 
Exponentially growing cells were harvested and washed In PBS . Cells are resuspended In 
20 0,2 mL ELB-buffer (NaCI 0,25 M, NP40 0,1%, HEPES 50mM, EDTA 5mM) containing 
aprotlnin l^g/ml, leupeptin 1 ^ig/ml, DTT l^lM and PMSF 0,3 mM and lysed for 30 min. 
Pellets are spun down at 20000 x g for 20 min. The protein concentration of the 
supernatants is measured, and the supernatants are diluted with an equal volume of 
glycerol. 



After heating the nuclear extracts for 5 min at 95C, the sample Is immediately loaded on a 
7% SDS-PAGE gel containing 5% glycerol. Thereafter, all steps are performed at RT. The 
separated proteins are transferred to Trans-Blot® Nitrocellulose, in a Mini Trans-blot® 
Electrophoretic Transfer Cell with 25mM Tris, 192mM glycine and 205v/v methanol, pH 8,3 
30 at 210 mA for 1 h. Membranes are blocked in 10% milk In TBS-T for 1 h and probed with 
either topoisomerase II a (1:1000) 1 h. Horseradish-peroxidase-conjugated donkey- 
antirabblt antibodies are used as secondary antibodies. The blots are developed using 
ECL^reagent 1 min and thereafter exposed on films for 5 min. Quantification of can be 
made by densltometric scanning. 

35 

While this assay in not capable of demonstrating directly whether a given compound is a 
topoisomerase II catalytic Inhibitor (ICRF-187 and poisons both induce band-depletion) 
compounds capable of antagonizing the band depletion effect of classical topoisomerase II 
Inhibitors such as etoposide are classified as topoisomerase II catalytic Inhibitors. 



5 
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Plasmid Cleavage assay 

The plasmid cleavage assay is capabie of assessing wetlier a given compound stimulates 
5 topoisomerase II mediated DNA cleavage in the test tube. A modification of the protocol 
described in (Burden eta/,, 2001) rs used. 350 ng purified human topoisomerase II a, 400 
ng pUClS DNA, and increasing concentrations of drugs were incubated for 6 min at 37 °C 
In 20 ill topoisomerase II cleavage buffer (10 mM TRIS-HCL pH 7.9, 50 mM NaCI, 50 mM 
KCU 5 mM CaCi2r 1 mM EDTA, 15 pg/ml BSA and 1 mM Na2ATP, all from Sigma Chemical 

10 Co., St. Louis, MO, USA). Next, the cleavable complex was trapped by adding 2 pi 10 % 
SDS. After vigorous vortexing 1.5 pi 0.25 M EDTA and 2 pi proteinase K (0.8 pg/ml) in 
proteinase buffer (50 mM Tris-HCL pH = 7.9, 1 mM CaClz) was added and the samples 
vortexed. After a 30 min incubation at 45 °C, 5 pi loading buffer (5% Sarkosyl, 0.0025% 
bromophenoi blue, 25% glycerol) was added and the samples were exposed to 70 °C for 5 

15 min. Next, samples were run through a 0,8 % agarose gel in 1 X TAE buffer for three 
hours at 5 V/cm to separate different topological forms of plasmid DNA. Finally the geis 
were strained in distilled water containing 10 pg/ml ethidium bromide for 15 min followed . 
by de-strained in distilled water for one hour before they were photographed In UV light. 
While some classes of topoisomerase II catalytic Inhibitors like the bisdioxoplperazine 

20 compounds are not capable of antagonizing the effect of classical topoisomerase II poisons 
in this assay, any compound capabie of doing so such as Maieimide and NEM is classified 
as a topoisomerase II catalytic inhibitor. Further, compounds not capable of stimulating 
topoisomerase mediated DNA cleavage while being active in the decatenation assay are 
also classified as topoisomerase II catalytic Inhibitors. 

25 

Pharmacological Activity of Selected Compounds 

The compounds to be claimed as novel catalytic Inhibitors of topoisomerase II have been 
tested in the pharmacological assays mentioned above. Pharmacological data of selected 
30 compounds to be claimed are given below together with a brief explanation of the results. 
This is to verify the use as catalytic Inhibitors of this class of compounds. Data are shown 
for the bisdioxopiperazine ICRF-187 (for comparison) as well as for the compounds 1-21, 1- 
112 and maieimide. 
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ICRF-187 


1-21 


1-112 




LD50 = 750uM. Not 


LD50 = 750uM, 


LDao = 75uM. 


Cionogenic 


toxic to cells. 


Not toxic to cells at 


Not toxic to ceils. 




Effective inhibitor of 


pH7.4. Tox at lower 


Inhibits the toxicity 0I 


Assay 


the toxicity of the 


pH. 


poisons (DAU, IDA) a> 




classical poisons 


Only very weak 


lower cone, than 




(VP16, DAU, IDA). 


protection of poisons. 


ICRF-187 (more 




Ex: at SOOuM 


Ex: at SOOuM (VP- 


potent), but is weakei 




(IDA(0.01)+ up to 


16(20ul^)+ up to 1% 


In the protection. 




80% survival) and 


survival). 


VPneg. 




(IDA(0.03)++ up to 




Ex: at 75DuM 




40% survival)* 




(IDA(0.03nuM)++ uf 

to 10% survival and 
DAU(0.3DuM)+ up to 
20% survival. 


Decatenation 


Inhibits the 


Inhibits the 


Inhibits the 


Assay 


topoisomerase II 


topoisomerase II 


topoisomerase II 




decatenation 


decatenation from 


decatenation 




effectively. IC50 about 


above SOOuM. ICso 


effectively. ICso about 




50 uM. 


about 800 uM. 


100 uM. 
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Alkaline 
Elution 


Effective Inhibition of 
VP-16 induced SSBs 
at 200UM. 


No effect on the VP- 16 
induced SSBs found 
from 50-500ui^. 


Effective inhibition of 
VP- 16 induced SSBs 
at 250DM. Very 
similar to ICRF-187 
profile. 


Band depletion 


Reversible ATP 
dependent decrease in 
the extractable levels 
of botli topoisomerase 
11 aand b. 
Preincubated 50uM. 


n.d. 


n.d. 


Plasmid Cleavage 
assay 


No stimulation of 
topoisomerase II 
mediated DNA 
cleavage. No 
antagonism of 
etoposlde induced 
DNA cleavage. 


n.d 


n.d. 



*) At a concentration of poison, here Idarublcln, of O.OljxM, ICRF-187 (SOOiii^l) is capable 
of protecting the cells so as to obtain 80 % of survival (maximum protection at the given 
dose). The + indicates, that the protection, i.e. log(number of surviving cells) Is about 1. 
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malelmide 


mtA 


NEI^ 


TT0043 


Clonogenic 


LDso 4ui^. 


IC50 4 uM. 


ICso 4 ul^. No 


LDso = 40 uM. 


assay 


Very toxic to 


Antagonism of 


antagonism of 


Much less toxic 




cells. 


etoposide and 


etoposide and 


than melaimlde. 




Effective 


daunorubicine 


daunorubicin 


NMM and NEM. 




inhibitor of the 


mediated 


mediated 


Protects against 




classical 


cytotoxicity Is 


cytotoxicity is 


the cytotoxicity 




poisons; 


equal to what is 


observed 


conferred by 10 




Lilce ICRF-187. 


observed with 




uM etoposide 




Ex: at 0.5UM 


i^aieimide. 




and 0,3 uM 




(VP-16 (20uM)+ 






daunorubicin. 




up to 30% 










survival] and 










DAU (0.5uM)++ 










up to 10% 










survival. 








Decatenation 


Very . potent. 


Very potent. 


Very potent. 


n.d. 




inliiblting 


inhibiting 


inhibiting 






topoisomerase II 


topoisomerase II 


topoisomerase II 






catalytic activity 


catalytic activity 


catalytic activity 






with IC50 of 2 


with IC50 of 5 


with IC50 of 5 






uM. 


uM. 


uM. 




Allcaline elution 


Effective 

inhibition of VP- 
16 Induced SSBs 
at 50ui^ (better 
than ICRF-187 
at 200DM) Only 
limited DNA 
damage at 
concentrations 
up to 250 uM 


n.d. 


Only limited DNA 
damage at 
concentrations 
up to 250 uM. 
Antagonism og 
topoisomerase II 
poisons not 
determined 


n.d. 


Band depletion 


Decrease in the 
extractable 
levels of 
topoisomerase II 
Similar profile as 


n.d 


n.d 


n.d. 
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for ICRF-187. 
(50UM). 

Antagonism of 
etoposide (100 
uM) Induced 
band depletion 
between 4 and 
50 uM 








Plasmid 


No evidence of 


n.d. 


No evidence of 


n.d. 


cleavage assay 


topoisomerase II 




topoisomerase II 






mediated DNA 




induced DNA 






cleavage up to 




cleavage at 






at 




concentrations 






concentrations 




up to 10 mM. 






up to 10 mM. 




Strong 






Strong 




antagonism of 






antagonism of 




etoposide (50 






etoposide (50 




uM) Induced 






uM) Induced 




DNA cleavage 






DNA cleavage 




between 5 and 






between 5 and 




625 ul^ 






625 uM 
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Example 2: Synthesis of Sample Compounds 

Compounds of the Invention may be prepared by the following synthesis: 
5 General 

Maleimldes may be prepared In a one-step reaction from readily available anhydrides when 
treated with a HMDS/methanol reagent In a DI^F solution at room temperature. 

TT0043 

10 Compound TT0043 has been synthesised using the general procedure using citraconic 
anhydride as starting material. 

M-xii 



O 




M-xii 



15 Compounds of the Type M-xil (R^ = Me as an example) Is made using 3~methyl maleic 
anhydride and ethanol amine as starting materials. Ring closure using acetic anhydride 
affords the primary alcohol. The alcohol can be converted to various ethers or esters using 
conventional methods. 

20 M-xiii 




M-xiii 



The synthesis of the compounds of formula M-xiii was done in a series of reactions with 
maleimlde as starting material. Initial bromination of the double bond gives 3-bromo- 
maleimide. Subsequent protection of the carbonyl groups followed by n-BuU and formalin 
and deprotection results In 3-hydroxymethyl-maleimlde. This compound gives rise to a 
25 number of reactions. This alcohol can be converted to various ethers or esters using 
conventional synthetic methods. 



43 

Compound (3) can be made, as described above, from a substituted maleic anhydride and 
ethanol amine. Ring closure to the maleimlde structure affords a compound (primary 
alcohol) which can, upon Mitsunobu reactions using appropriate substituted phenoJs, give 
the wanted structure. 

5 

Compounds of the type M-i to M-vii 

Compounds of the type M-I to M-vll may be prepared as described for compounds of the 
type M'Xijj using a Mitsunobu coupling reaction to the amino-substltuted ring moiety (such 
10 as aniline). 

Compound M-i was prepared in the following manner: 

The primary alcohol (l-(2-Hydroxy-ethyl)-3-methyl-pyrrole-2,5-dlone) the synthesis of 
which is described above, Is converted to an alkyi bromide using conventional methods. 
15 This bromide can be coupled to various amines affording the structures mentioned above. 
Reaction of this bromide with, as an example, diethyl amine, gives the compound M-i. 

Compound M-ll to M-vl were prepared as described for M-I using Instead cytosine, adenine, 
hydantoine, thiohydantolne imidazole, benzothiazole, aminoacridin or quinoline can give 
20 the desired compounds. 

iV,yv'-Di-(pyrrolicline-2%5'-dione-3'-yl)-ethvlene-l,2-diamine (1-21) 

6.11 g Malelmide (63 mmol) was dissolved in absolute ethanol (75 ml). 2 ml 
25 Ethyiendiamine (30 mmol) was quicl<ly added at RT. After approximately 5 min., a white 
precipitate appeared. After 18 hours, the product was collected by filtration, yielding 1.13 
g (14.8%) of the title compound. 

/V,./V'-Di-(pyrrolidine-2',5'-dione-3"-yl}-propylene-l,3-diamine (1-14) 

30 

0.49 g Maleimide (5 mmol) was dissolved in freshly distilled THF (10 ml). 167fil Propylene- 
1,3-diamine (2 mmol) was added drop wise to the solution. After a short while, the 
mixture became turbid. After 2 hours, the mixture was evaporated to give an oil. The 
product was purified by flash chromatography (20% methanol/DCM) to yield 0.35 g (1.3 
35 mmol, 64%) of A/,A^'-di-{pyrrolidine-2,5-dione-3-yl)-propylene-l,3-diamine as an oil. 
NMR (300MHz, DMSO-de) 6 11.06 (s, 2H, 2xlmid), 3.63 (dd, 2H, 2xCOCH(CH2)N), 2.81 
(dd, 2H, 2XCOCHHCH), 2.70 (m, 2H, 2XNCHHCH2), 2.50 (m, 2H, 2xNCHilCH2), 2.33 (dd, 
2H, 2XCOCH11CH), 1.52 (m, 2H, CH2Cii2CH2). "C NMR (75.5MHz, DMSO-dg) 
6 180.0,177.1 (C2', Cs ), 57.1 (C3 ), 44.9 {Ci, C3), 37.0 (C4'), 29.9 (C2). FAB+ 269.13. 
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3-/V-Butyiamino-pyrrolidine-2,5-dione (I-IO) 

0.37 g n-Butyl amine (5 mmol) was dissolved In ethyl acetate (5 ml). The solution was 
5 cooled to 0**C and 0.48 g maleimide (5 mmol) dissolved In ethyl acetate (15 ml) was added 
drop wise. After 18 hours, the solvent was evaporated and the product purified by flash 
chromatography (5% methanol/DCM) to yield 0.82 g (4.82 mmol, 96%) of 3-/V- 
butylamlno-pyrrolldlne-2,5-dlone as an oil. *H NMR {300MHz, CDCI3) 5 3.82(dd, IH, 
C0Chl{CH2)N), 2.95 (dd, IH, COCtiHCH), 2.55-2.73 (m, 3H, NCldiCHz, COCHHCH), 1.49 
10 (m, 2H, CH2CH2CH2), 1.38 (m, 2H, CHjCfctCHa), 0.92 (t, 3H, CH3). 

3-7V-Isopropylamino-pyrrolidine-2,5-dione (I-ll) 

0.30 9 Isopropyl amine (5 mmol) was dissolved in ethyl acetate (5 ml). The solution was 
15 cooled to 0**C and 0.48 g maleimide (5 mmol) dissolved in ethyl acetate (15 ml) was added 
drop wise. After 48 hours, the solvent was evaporated and the product purified by flash 
chromatography (5% methanol/DCM) to yield 0.73 g (4.67 mmol, 93%) of 3-/V- 
isopropylamino-pyrrolldlne-2,5-dione as an oil. *H NMR (300MHz, CDCI3) 5 3.87(dd, .IH, 
C0Chl(CH2)N), 2.92-2.99 (m, 2H, COCHHCH, IMC11{CH3)2)/ 2.95 (dd, IH, COCHHCH), 1.11 
20 (t, 3H, CH3). 

4,5,6,7-Tetrahydro-isoindole-l,3-dione (TT0046). 

A solution of 3,4,5,6-tetrahydrophtallc anhydride (330 mg, 2.17 mmol) in DMF (5 ml) was 
25 treated with a mixture of HMDS (4.6 ml, 21.7 mmol) and methanol (0.5 ml, 10.8 mmol). 
After 16h at RT the mixture was poured Into water and extracted with ethyl acetate. The 
combined organic layers were washed with water (3 x 12 ml), dried (MgSOn), and filtered. 
Purification by column chromatography using a gradient of 1:1 to 3:1 EtOAcrhexane to 
give 158.3 mg (48%) of 2: *H NMR (300 MHz, DMSO-de) 6 10.47 (broad s, IH, NH), 2.88 
30 (m, 4H), 2.72 (m, 4H). 

3*Methyl-l-phenyl-pyrrole-2,5-dione (TT0048). 

A solution of citraconic anhydride (3.74 g, 33.4 mmol) and diethyl ether (4 ml) was placed 
35 in a 250 ml three-necked flask provided with a reflux condenser. A solution of aniline (3.11 
g, 33.4 mmol) and ethyl ether (3 ml) was added drop wise. The resulting thick suspension 
was stirred at RT for Ih and was then cooled In an ice bath. Filtration and drying of the 
product in vacuo gave 6.31 g (92%) of 3-methyl-3-phenylcarbamoyl-acryllc acid, which 
was used without further purification. A solution of crude 3-methyl-3-phenylcarbamoyl- 
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acrylic acid (3.00 g, 14.6 mmol), acetic add (30 ml) and anhydrous sodium acetate was 
dissolved by swirling and heating in an oil bath for 30 minutes. The reaction mixture was 
cooled to RT and was poured into 30 ml of Ice water. The product precipitated. Filtration, 
washing of crystals using cold water (3 x 25 ml), cold n-heptane, drying in vacuo and 
5 purification by column chromatography (ethyl acetate) gave TT0048 (601 mg (21%) as 
white needles. NMR (250 IviHz, DMSO-dg) 6 7.40 (m, 2H), 7.21 (m, 2H), 7.00 (m, IH), 
6.80 (m, IH), 2.06 (broad s, 3H). LCMS: 188 (I^+l). 

l-Butyl-pyrrole-2,5-dione (TT0051) 



3-Butylcarbamoyl-acrylic acid (864mg; 5,047mmoi) was dissolved in acetic anhydride 
(9ml) containing sodium acetate (BOOmg). The solution was heated to reflux for 30 min, 
cooled to RT and fee-cold water (30ml) was added. The mixture was stirred for 10 min, 
extracted (ethyl acetate x 3), dried (I^g504), evaporated in vacuo to afford the crude 
15 product (810mg). The residue was purified by column chromatography (EtOAc), and gave 
the title compound TT0051 (460 mg, 60%) as an oii. NI^IR (300MHz, CDCI3) 6 6.70 (s, 
2H), 3.52 (t, 2H), 1.6 (m, 2H), 1.3 (m, 2H), 0.95 (t, 3H). LC-MS: 154 (M-^l). 

l-(4-Methoxy-benzyl)*-pyrrole-2,5-dione (TT0006). 



Maleic anhydride (3.02 g, 30.6 mmol) was dissolved in THF (5 ml). 4-Methoxy- 
phenylamlne (4 ml, 30.6 mmol) was added, and the mixture was heated to reflux for 2h. 
The resulting suspension was cooled to RT, filtered, washed with cold THF (2 x 10 ml), and 
dried in vacuo to give TT0006 (5.68 g, 85%) *H NMR (300 MHz, DMSO-de) 5 9.40 (broad 
25 s, IH, NH), 7.24 (d, 2H), 6.90 (d, 2H), 6.45 (d, IH, 7 = 12 Hz), 6.26 (d, IH, J = 12 Hz), 
4.32 (d, 2H, J = 5 Hz), 3.73 (s, 3H). 
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CLAIMS 

1. Use of a compound of formula I, quaternary ammonium salts thereof, or compositions 
comprising either entity, for the preparation of a human topoisomerase II catalytic 
5 inhibitor, 

I 

wherein -J- is selected from the group consisting of 

^C(H)-(A-Y)„-Z ^C-(A-Y)„-Z 

I and II 

^CCH^CA'-Y-VZ' ^C-CA'-VVZ- 

-O^ Is a carbonyl equivalent such as selected from the group consisting of =0, =S; -OR^, - 
SR^, dithiane and dioxolane; 
10 is selected from the group consisting of -O^ 0R\ N(R'^)(R'^), S-R^ NO2, -CN, and 
halogen; 

R" Is selected from the group consisting of hydrogen, optionally substituted Ci-e-alkyI, 
optionally substituted C2-io-alkenyl, optionally substituted C2.io-alkynyl, optionally 
substituted aryl, optionally substituted heteroaryi, optionally substituted heterocycle, 
15 optionally substituted Ca-Cy-cycloalkyI, CH2-N(R^)(R^), CHa-OR^, CH2-SR^ CH2-0-C(=0)R^ 
CH2-0"C(=:0)-0R^ CH2-0-C(=S)R^, CH2-S-C(=0)R^ C{=0)(R^), C(=S)R^ -C(=S)-OR^ - 
C(=0)-SR^ C{=0)-N(R^)(R^), C(C=S)-N(R^)(R^); 

-A- and -A'- Is selected from the group consisting of hydrogen, -C(R^)(R^)-, -C(=0)-, - 
NCR*^)-, -0-, -S-, -P(0)-; 
20 Y and V are each a blradical which may be absent or independently selected from one of 
the group consisting of optionally substituted Cj-g-alkyl, optionally substituted C(=0)-Ci.6- 
alkyi, optionally substituted Ci.6-alkyl-C(=0), optionally substituted Cz-io-alkenyl, 
optionally substituted C2-io-alkynyl, optionally substituted Ca-s-carbocycle and optionally 
substituted heterocycle; 

25 Z and Z' are each a monoradlcal Independently selected from the group consisting of 
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted C3.8- 
carbocyle, optionally substituted heterocycle, H, OR^ N(R^)fR^), S-R^ NO2, -CN, and 
halogen; 

wherein R^ is selected from the group consisting of hydrogen, optionally substituted C1-4 
30 alkyi, optionally substituted C2.5 alkenyi, optionally substituted C2-6 alkynyi, optionally 

SUBSTITUTE SHEET 




1 

49 



substituted aryl, optionally substituted heteroaryl, optionally substituted heterocycle, and 

optionally substituted C3-C7 cycloalkyi; 

n rs a whole number and m Is a whole number, and wherein 

and are Independently selected from the group consisting of hydrogen, 
5 halogen, hydroxy, optionally substituted Cj-g-aikyl, optionally substituted C2-5 

alkenyi, optionally substituted C2-6 all<ynyl, optionally substituted aryl, optionally 
substituted heteroaryl, optionally substituted heterocycie, and optionally 
substituted C3-C7 cydoalkyl. 

10 2. The use according to claim 1, wherein the compound formula I Is selected from the 
group consisting of compounds of formula M and D 




M D 



wherein at least one of R^ and R^ are independently selected from group consisting of 
hydrogen, halogen, hydroxy, primar/, secondary or tertiary amine, optionally substituted 
15 Ci.4-all<yl, optionally substituted Cz-s-aikenyl, optionally substituted C2.6-alkynyl, optionally 
substituted aryl, optionally substituted heteroaryl, optionally substituted heterocycie, and 
optionally substituted C3-C7 cycloalkyi; 
and the other of R® and R^ Is A-Y-Z, as defined in claim 1. 

20 3. The use according to claim any one of the preceding claims, wherein R^ Is selected from 
the group consisting of =0^ and OR"*, preferably wherein R^ Is =0^. 

4. The use according to any one of the preceding claims, wherein A Is selected from the 
group consisting of C(R^R^), N{R^), O, and S, preferably N(R^), O, and S, most preferably 

25 N(R2)andS. 

5. The use according to any one of the preceding claims, wherein Y is selected from the 
group consisting of Ci-s-alkyl, Cz-io-alkenyl, Ca-io-alkynyl, each of which may be optionally 
substituted, preferably wherein Y is optionally substituted Ci.6-alkyl. 

30 

6. The use according to any of the preceding claims, wherein 2 is selected from the group 
consisting of hydrogen, optionally substituted aryl, optionally substituted heteroaryl, 
optionally substituted Ca-s-carbocyle, optionally substituted heterocycie, OR^, N{R^)(R^), S- 
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preferably wherein Z Is selected from the group consisting of hydrogen, optionally 
substituted heteroaryl, optionally substituted heterocyde and N(R^)(R^), most preferably Z 
is selected from the group consisting of hydrogen, optionally substituted heterocyde and 
N(R^)(R^). 

5 

7. The use according to claim 2, wherein one of R^ and R^ Is hydrogen and the other of R^ 
and R^ is A-Y-Z wherein Z is selected from the group consisting of l\i(R^)(R^) and optionaily 
substituted heteroaryl. 

10 8. The use according to any one of claims 6 to 7, wherein the optionally substituted 
heterocyde is selected from the group consisting of succlnlmlde, imidazole, pyrazole, 
pyrrole, oxazole, furazan, barbituric acid, thiobarbituric acid, dioxopiperazine, hydantoin, 
dihydrouracll, and 3-alkoxylsoxazole, each of which may be optionally substituted, 
preferably wherein the heterocyde is selected from the group consisting of sucdnlmide, 

15 imidazole, pyrazole, pyrrole, oxazole, and furazan, each of which may be optionally 
substituted. 

9. The use according to claim 1, wherein the compound is of formula M. 

20 10. The use according to dalm 9, wherein R^ Is ~0 and at least one of R^ and R^ is 
hydrogen. 

11. The use according to claim 9, wherein R^ and R^ may together form a ring selected 
from the group consisting of Ca-s-carbocyde, heterocycyl, aryi or heteroaryl, each of which 

25 may optionally be substituted, preferably a Ca-a-carbocyde, such as cydohexane. 

12. The use according to claim 9, wherein is =0, is =0, R" is hydrogen, one of R^ 
and R^ Is hydrogen, and the other of R® and R^ Is Ci-e-alkyl. 

30 13. The use according to claim 9, wherein one of R^ and R^ is hydrogen and the other of R^ 
and R^ Is A-Y-Z , wherein A is selected from the group consisting of hydrogen, -C(R^)(R^)-, 
-C(=0)-, -N(r")-, -0-, -S-, -P-, -P{0)-; Y may be absent or selected from one of the group 
consisting of optionally substituted Ci^-aiicyl, optionally substituted C(=0}-Ci^-alkyl, 
optionally substituted Ci.6-alkyl'C(='0}, optionally substituted Cz-io-alkenyl, optionally 

35 substituted Cz-io-alkynyl, optionally substituted Ca-a-carbocycle and optionally substituted 
heterocyde; and Z is a monoradical selected from the group consisting of optionally 
substituted aryl, optionally substituted heteroaryl, optionally substituted Ca^a-carbocyle, 
optionally substituted heterocyde, H, OR^ N(R^){R^), S-R^ NO2, -CN, and halogen. 
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14. The use according to claim 9, wiierein one of and is hydrogen and the other of R^ 
and IS A-Y-Z wherein A is selected from the group consisting of hydrogen, -C(R^)(R^)-, - 
C(=0)-, -N(R'^)-, -0-, -?", -P{0)-; Y nnay be absent or selected from one of the group 
consisting of optionally substituted Ci.6-alkyl, optionally substituted C(=0)-Ci^-alkyl, 
5 optionally substituted Ci-6-alkyl-C(=0), optionally substituted C2-io-alkenyl, optionally 
substituted Cz-io-a'kyny), optionally substituted Ca-e-carbocy cle and optionally substituted 
heterocycle; and wherein Z is selected from the group consisting of N(R®)(R®), optionally 
substituted hetenoaryl and optionally substituted heterocycle. 

10 15. The use according to claim 14, wherein Z is N(R®)(R^), wherein R® and R^ may 
independently be selected from the group consisting of hydrogen, optionally substituted Q- 
fi-alkyi, optionally substituted Cz-io-alkenyl, optionally substituted Cz-io-alkynyl, optionally 
substituted aryl, optionally substituted heteroaryl, optionally substituted heterocycle, 
optionally substituted Ca-Cv-cycloalkyI, CH2-N(R^)(R^), CHj-OR^, CHz-SR^, CH2-0-C(=0)R^, 

15 CH2-0-C(=0)-0R^ CH2-0-C(=S)R^ CH2-S-C(=0)R^ C{=0)(R^), C(=S)R^ -C{=S)■-OR^ - 
C(=0)-SR^ CC=0)-N(R^)(R^) and C(C=S)-N(R^)(R^), preferably wherein at least one of R® 
and R^ is selected from the group consisting of optionally substituted heteroaryl and 
optionally substituted heterocycle, most preferably optionally substituted heterocycle. 

20 16. The use according to claim 9 selected from the group consisting of maleimlde, NMM, 
NEI^, TT006, TT0043, TT0046, TT0048, TT0051, I^-i, M-il, i^-iii, M-lv, M-v, M-vi, M-vii, I^- 
vlli, l^-lx, M-x, M-xi, M-xll, M-xlli, I-IO, I-ll, 1-14, 1-21 and 1-112. 

17. The use according to any one of the preceding claims, wherein the a human 
25 topolsomerase II catalytic Inhibitor is an agent effective in itself In the treatment of cancer. 

18. The use according to any one of the preceding claims, wherein the a human 
topolsomerase II catalytic inhibitor is an agent useful In the treatment of extravasation. 

30 19. The use according to claim 17, wherein the extravasation is the result of the 
administration of one or more topolsomerase II poisons. 

20. The use according to any one of the preceding claims, wherein the a human 
topolsomerase II catalytic inhibitor is an agent which, when combined with a 

35 topolsomerase II poison. Is effective in the treatment of cancer. 

21. The use according to any one of claims 17 and 20, wherein the cancer is selected from 
the group consisting malignant melanoma, breast cancer, leukaemia and smalt cell lung 
cancer. 
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22. A compound of formula II for use as medicament. 




O 



5 wherein Y is a blradlcal Independently selected fronn of the group consisting of Ci-e-alkyl, 
C(=0)-Ci-6-alkyl, Ci>6-alkyl-C(=0)/ C2-io-alkenyl, Ca-io-alkynyl, Cs-e-carbocycle, heterocycle, 
each of which may be optionally substituted; 
X is selected from the group consisting of N{B?), O and S; 

R'* is selected from the group consisting of hydrogen, optionally substituted Ci-a alkyi, 
10 optionally substituted Cz-io-alkenyl, optionally substituted C2-10 alkynyi^ optionally 
substituted ar/l, optionally substituted heteroaryi, optionally substituted heterocycle, 
optionally substituted C3-C7-cycioalkyl, CH2-N{R^)(R^), CH2-0R^ CH2-SR^ CH2-0-C(=0)R^ 
CH2-0-C(=S)R^ CH2-S-C(=0)R^ C(=0)(R^), C(=S)R^ -C(=S)-OR^ -C(=0)-SR^ C(=0)- 
IM(R')(R^), C(C=S)-IM(R^)(R^); ^ 
15 R and R^ are Independently selected from the group consisting of hydrogen, optionally 
substituted Ci^ alkyi, optionally substituted C2.5 alkenyl, optionally substituted C2.6 alkynyl, 
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 
heterocycle, and optionally substituted C3-C7 cydoalkyi. 

20 23. A compound according to claim 22, wherein R is hydrogen. 

24. A compound according to claim 22, wherein R'^ Is selected from the group consisting of 
hydrogen, CH2-N(R'*)(R^), CH2-0R\ CH2-SR^ CH2-0-C(=0)R^ CH2-0-C(=S)R\ most 
preferably CHi-NCR^KR"*)/ CH2-OR^ and CH2-0-C(=0)R*. 



25. A compound according to claim 22, wherein X is selected from the group consisting of 
ISI(R2) and S. 

26. A compound according to claim 22, wherein X is N(R^]. 

30 

27. A compound according to any of claims 22 to 26, wherein Y is a blradlcal independently 
selected from of the group consisting of optionally substituted Ci.6-alM/ optionally 



25 
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substituted C(=0)-Ci.6-aIkyI, optionally substituted Ci^-alkyl-C(=0) and optionally 
substituted Ca-s-carbocycle. 

28. A compound of fornDUla III 



5 

wherein Is selected from the group consisting of hydrogen, CH2-N(R^)(R*), CH2-OR% and 

CH2-0-C(=0)R^ 

A and A' are independently selected from the group consisting of N(R'*)(R^), S and O; 
n and m are independently selected whole numbers In the range of 0 to 8, 
10 Z and T are selected from the group consisting of hydrogen, optionally substituted 
heterocyde, and N(R^)(R*) wherein R^ls an optionally substituted heterocycle. 
-O^ is a carbonyl equivalent such as selected from the group consisting of =0, =S; -OR^ - 
SR^ dithiane, dioxolane and dioxane, 

R* Is selected from the group consisting of -O^ OR^ N(R^)(R^), S-R^ NO2, -CN, and 
15 halogen; 

R^ and R^ are independently selected from the group consisting of hydrogen, halogen, 
hydroxy, optionally substituted d-s-alkyl, optionally substituted Q^-alkoxy, optionally 
substituted Ci.s-alkenyl, optionally substituted Ca-s-aikynyl, optionally substituted aryl, 
optionally substituted heteroaryl, optionally substituted heterocycle, and optionally 
20 substituted C3-C7-cycloalkyl 

R^ R'* and R^ are independently selected from the group consisting of hydrogen, optionally 
substituted C^-a alkyi, optionally substituted C2-5 alkenyl, optionally substituted C2-6 alkynyl, 
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 
heterocycle, and optionally substituted C3-C7 cycloalkyl. 

25 

29. The compound according to claim 28, wherein {CR^R^)n is selected from the group 
consisting of optionally substituted Ci^-alkyl biradlcal, preferably optionally substituted Ci. 
6-alkyl, such as an optionally substituted biradical of methyl, ethyl, n-propyl, isopropyl, n- 
butyl, Isobutyl, sec-butyl, tert-butyl, pentyl, Isopentyl, neopentyl and hexyl. 

30 

30. The compound according to claim 28, wherein -A- is -NCR'^XR^)-- 



E 



N 

R-N 




.A— (Cr'rVz 

w — (cr'rVz' 



Hi 



31. The compound according to claim 28, wherein R^ is -O^ and is =0. 
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32. The compound according to claim 28, wherein m is 0 and Z' is H. 

33. The compound according to claim 28, wherein Z is an optionally substituted 
5 heterocycle selected from the group consisting of maieimide, succinimlde, imidazole, 

pyrazole, pyrrole, oxazole, furazan, barbituric add, thiobarblturic acid, dioxopiperazine, 
hydantoin, dihydrouracil, and 3-alkoxylsoxazoie, each of which may be optionally 
substituted, preferably wherein Z is an optionally substituted heterocycle selected from the 
group consisting of mafelmlde, sucdnlmlde, imidazole, pyrazole, pyrrole, oxazole, and 
10 furazan, each of which may be optionally substituted. 

34. The compound according to claim 33, wherein Z Is selected from the group consisting 
of an optionally substituted succinimlde and optionally substituted maieimide. 

15 35. The compound according to claim 28, wherein Is an optionally substituted 
heterocycle selected from the group consisting of maieimide, succinimlde, imidazole, 
pyrazole, pyrrole, oxazole, furazan, barbituric add, thiobarbituric acid, dioxopiperazine, 
hydantoin, dihydrouracil, and 3-alkoxylsoxazole, each of which may be optionally 
substituted, preferably wherein Is an optionally substituted heterocycle selected from 

20 the group consisting of maieimide, succinimlde. Imidazole, pyrazole, pyrrole, oxazole, and 
furazan, each of which may be optionally substituted. 

36. The compound according to claim 35, wherein R^ is selected from the group consisting 
of an optionally substituted succinimlde and optionally substituted maieimide. 

25 

37. The compound according to claim 28, wherein A'-(CR^R^)m-Z ' is H. 

38- The compound according to claim 28, wherein R" Is selected from the group consisting 
of hydrogen, CH2-N(R^)(R^), CH2-OR^ and CH2-0-C(=0)R\ 

30 

39. The compound according to claim 28, wherein R is selected from the group consisting 
of hydrogen, halogen, hydroxyl, and optionally substituted Ci.4alkyl. 

40. A pharmaceutical composition comprising at least one compound selected from the 
35 group consisting of formula I, formula M, formula D, formula 11 and formula III, 

together with at least one pharmaceutlcally acceptable exclplent or carrier. 

41. The composition according to claim 40, further comprising one or more 
chemotherapeutic agents selected from the group consisting doxorubicin, daunorublcin, 
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dactinomycin, epirubicin, bisantrene, amsacrine, mitomycin C, vincristine, vinblastine, 
vindeslne, liposomal anthracyclines, mitoxantrone, esorubicin, menogaril, acalcinomycln, 
cisplatin, fluorouracil, etoposlde and bleomycin. 

5 42. The composition according to claim 40, further comprising one or more topoisomerase 
II poisons. 

43. The composition according to any one of claims 40 to 42, suitably formulated for oral, 
mucosal, intravenous, transdermal, parenteral or intracranial administration. 

10 

44. A method of treating diseases and disorders for which Inhibition or modulation of the 
topoisomerase II enzyme produces a physiologically beneficial response in said disease or 
disorder comprising the step of administering an effective amount of a compound of 
formula I, 1^, II, or III as defined In any one of claims 1 to 39. 

15 

45. The method according to claim 44, wherein the disorder is extravasation. 

46. The method according to claim 45, wherein the extravasation is due to a 
topoisomerase II poison. 

20 

47. The method according to claim 44, wherein the disease is cancer. 

48. A method of treating cancer In a mammal, such as a human, comprising administering 
to said mammal an effective amount of a combination of topoisomerase II poison and a 

25 compound of formula I, M, II, or III, preferably a compound of formula M, as defined in 
any one of claims 1 to 39. 
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-m- maleimide alone 

maleimide + 20^M VP-16 
maleimide + O.S^M daunorubtcin 



Maleimide 



Fig. 3 
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100 10 
retention 



No drug 
3^MVP-16 

3 VP-16 + 500 )M ICRF-187 
3 ^iM VP-16 + 50 (iM GSI-3 
3 nM VP-16 + 250 [M GSl-3 
3 \M VP-1 6 + 50 GSI-4 
3 \M VP-1 6 + 250 jiM GSM 
50 \M GSI-3 
250nMGSI-3 
50 jiM GSI-4 



Fig. 4 
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Antagonism of VP-16 mediated 
DNA damage in intact ceils by 
maleimide 



100. 




No drug 
3 VP-16 

3 \M VP-16 + 200 ICRF-187 
50 maleimide 
3 VP-16 + 2 |iM maleimrde 
3 VP-16 + 5 nM maleimide 
3 |iM VP-16 + 10 jiM maleimide 
3 VP-16 + 50 maleimide 
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